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Abstract  
 
Worker health-related productivity loss is a significant economic burden to employers. In 
this thesis, a series of studies investigated health-related productivity loss, associated 
factors, and the potential benefit of workplace health interventions for office workers. This 
thesis compares the efficacy and cost-effectiveness of two types of workplace health 
programs that target health-related productivity loss in office workers. In view of the 
necessity for employer support required for the implementation of workplace health 
interventions, the perspective considered in this thesis was that of the employer.  
 
This thesis consists of seven chapters of which four are based on a cluster-randomised 
trial. The second chapter is a systematic review of randomised controlled trials examining 
onsite workplace health-enhancing physical activity interventions on worker productivity. 
This review highlighted the evidence gap for a suitable worker health-related productivity 
measurement, a study design involving a primary productivity outcome that can lead to an 
appropriately powered trial, and a multi-dimensional workplace health program of 
adequate duration and attendance. The third chapter confirmed the inter-rater reliability of 
an observation-based ergonomic assessment that was used in the subsequent three 
studies. A cross-sectional study was undertaken in Chapter 4 to investigate self-reported 
health-related productivity loss in office workers and associations with individual and work-
related factors using an employer's perspective. A combination of individual factors 
(presence of recent musculoskeletal pain and levels of psychological stress), and work-
related factors (office worker occupational category and job satisfaction levels) were 
associated with levels of self-reported health-related productivity loss in office workers.   
 
Chapter 5 and 6 report the efficacy and cost-effectiveness of two types of workplace health 
programs targeting the economic burden of health-related productivity loss in a large 
cohort of office workers, respectively. This was achieved with a 2-arm longitudinal cluster-
randomised trial incorporating findings from the first three studies. Chapter 5 showed that 
a combined ergonomics and neck-specific exercise intervention showed benefits in the 
primary outcome of productivity, demonstrated with lower monetised health-related 
productivity loss and sickness presenteeism in a general population of office workers, and 
lower longer-term sickness absenteeism for office workers with neck pain, when compared 
to a combined ergonomics and health promotion information intervention. Lastly, it was 
found in Chapter 6 that the combination intervention with exercise might be cost-effective 
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relative to the combination with health promotion information for office workers when using 
a cost-utility analysis from an employer’s perspective. The evaluations of worker health-
related productivity in this thesis encompassing tangible economic outcomes may 
influence decision-makers in industry and health policy makers when considering the 
implementation of similar workplace health interventions. 
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Chapter 1 Introduction  
 
1.1 Thesis background  
 
1.1.1 The economic burden of neck pain  
 
Neck pain is a recurrent and chronic, and highly prevalent health condition, particularly 
among office workers, exacting a notable disability burden for the individual, employer and 
society (1-6). Using a conservative estimation of local office workers, neck pain is 
experienced by at least 10% of those in full-time employment in Australian metropolitan 
cities (Australian Bureau of Statistics data – August 2014). This estimate is likely to be 
similar in other developed countries where, computing technology has become ubiquitous 
in most workplaces. Hence, the burden of neck pain is a widespread international health 
issue due to the large population that it can affect. Important to employers, is that neck 
pain is associated with increased sick leave and ‘presenteeism’ in workers (7-9). Thus, 
neck pain is a significant health concern with a tangible financial consequence to 
employers of office workers as it is a major cost to industry in terms of lost productivity (10, 
11). Employers in Australia have a duty of care outlined by the government statutory body 
that relates to work health and safety, Work Safe Australia. Work-related musculoskeletal 
disorders with absenteeism claims of more than a week have been highlighted as a 
national priority targeted for reduction in the strategy document titled “Australian Work 
Health and Safety Strategy” by Work Safe Australia (12). Thus, employers of office 
workers will be motivated to support initiatives aimed at reducing the ongoing negative 
financial burden from worker health-related productivity loss due to neck pain that they 
would otherwise incur, and to align with national work health and safety policy strategy.   
 
1.1.2 Worker health-related productivity and measurement  
 
Worker health-related productivity loss from sickness absenteeism and reductions in work 
effectiveness due to chronic pain costs $5.1 billion dollars annually in Australia (13). Work 
performance, or productivity, is a complex construct to measure, with sick leave or 
absenteeism often used to represent health-related productivity loss. This can be captured 
from self-reports or administrative records. A conventional method of measuring this 
financial loss is converting sickness absence into a monetary value. Sickness absence, 
particularly long-term absences, can be a substantial financial burden for an employer. 
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This is due to employee salary costs if these was being fully covered by the employer, or 
higher insurance costs for the employer if the employee’s salary was funded through their 
health insurance coverage for employees. An emergent area of interest in workplace 
health research that has been recently discussed in the scientific literature is 
‘presenteeism’. The term ‘presenteeism’ or being at work but unable to perform optimally 
due to ill health is another dimension of impaired work performance (14, 15). Compared to 
absenteeism, the negative economic impact of presenteeism in total has been quantified 
to be up to seven times larger, representing a significant problem for a productive 
workforce (9, 16, 17). Hence, a comprehensive account of health-related productivity loss 
would consist of absenteeism and ‘presenteeism’ as both are considered essential 
aspects.  
 
There are numerous methods to estimate health-related productivity loss. These methods 
can vary widely, hindering comparability of results and judicious decision-making (18). A 
comprehensive review of 21 health-related productivity measures did not identify a valid 
gold standard (14). In a recent study of commonly used productivity loss questionnaires, it 
was reported that these measures had only weak to moderate correlations with worker 
performance indicators used by employers (19). Schwartz and Riedel (20) suggested 
moving away from the search for a gold standard and that reasonable instruments with 
characteristics meeting the main requirements of measurement aims do currently exist. 
Despite this, from an employer’s perspective, a tool that enables productivity levels to be 
monetised would be an acceptable choice. This approach will likely be an effective 
technique of communicating the financial significance of workplace health initiatives to 
employers (21). 
 
The World Health Organisation Health and Work Performance Questionnaire (HPQ) is a 
measurement tool for health-related work productivity loss (self-reported absenteeism and 
presenteeism) that has been used across several occupations (22, 23). The HPQ has also 
demonstrated good reliability and sensitivity to change. Office workers are a 
heterogeneous mix of individuals working in an office environment using computer 
equipment, performing various roles and in many instances, without clear measures of job 
output. This makes it challenging to quantify health-related productivity loss in office 
workers (24). Although the psychometric properties of the HPQ have not been extensively 
investigated in office workers, its ability to convert health-related productivity loss into a 
monetary value renders it a suitable tool to document the financial burden of health-related 
 3 
productivity loss in office workers from an employer’s perspective (25). 
 
1.1.3 Addressing health-related productivity loss in office workers 
 
The use of workplace health initiatives to improve worker health and productivity has been 
advocated as an important component of an organisation’s business plan (26). The 
evidence base for the economic and health benefits of workplace health interventions is 
expanding (27, 28). Hence, the workplace is a sensible setting for initiatives to minimise 
health-related productivity loss and has been chosen as the setting used in this thesis. 
 
In Australia, employers are required to provide programs to minimise the risk and impact of 
potential injuries for employees at work to fulfill their legislative obligations. Unsuitable 
workplace ergonomics is a known risk factor for neck pain in office workers (29-31). 
Hence, optimal workstation ergonomics is considered best practice in industry for office 
workers. Ergonomic interventions can improve musculoskeletal comfort levels in office 
workers, but not once musculoskeletal disorders are present (32-35). However, prompt 
ergonomic intervention has been shown as efficacious in preventing and improving self-
reported productivity losses (36, 37). For these reasons, workplace ergonomics 
management is a necessary feature in any workplace intervention for health-related 
productivity enhancement in office workers in the local setting. 
 
There is a large body of evidence to support improving neck function through exercise for 
managing neck pain among office workers (38, 39). Unfortunately, the evidence regarding 
productivity benefit from studies of workplace neck-specific exercise for office workers is 
mixed (40-42). BJ Justesen et al (42) found that individualised physical exercise training 
combined with adequate leisure time physical activity improved sickness presenteeism 
and absenteeism for office workers. However, this contrasted with earlier studies looking 
at neck-specific resistance training that did not demonstrate benefit for work ability, 
sickness absenteeism and self-perceived single-item overall productivity among office 
workers (40, 41). However, the extensive evidence for such interventions improving neck 
pain need to be taken into consideration, despite the mixed evidence for productivity 
benefit from such workplace interventions for office workers.   
 
Multi-component health interventions have been tested with good effect in several areas of 
research. A review of workplace interventions to reduce occupational musculoskeletal 
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symptoms showed that combination interventions are more effective when compared to 
single modality interventions (43). Another review found that combination programs 
incorporating several features were more efficacious that usual care in reducing 
absenteeism in workers with spinal-related work disability (44). Considering evidence 
specific to neck pain, a combined treatment of manual therapy and exercise was shown to 
be most beneficial for symptom reduction (45). Authors of workplace physical exercise 
intervention studies that did not demonstrate significant effects on productivity outcomes 
have also suggested a similar strategy of combined interventions to have a greater impact 
on worker productivity (46, 47).  
 
Since the context of local industry best practice includes a safe ergonomically sound 
environment, it would be essential to incorporate this element in any proposed workplace 
intervention for an office worker population. Also, given the substantial evidence 
supporting the benefits of neck-specific exercises for neck-related discomfort in office 
workers, combining ergonomics with neck-specific exercises is a pragmatic and sound 
direction for potential research in the area of workplace health initiatives to address neck 
pain and health-related productivity loss in office workers.  
 
1.1.4 Economic evaluations for health interventions 
 
As the availability of funding avenues is becoming increasingly finite, economic 
evaluations to justify the value of health interventions are becoming more important in 
health care research. An understanding of the financial efficacy of different health 
interventions is needed to support decision-making to optimise allocation of limited funds. 
A cost-effectiveness analysis (CEA) is a commonly used economic evaluation where the 
direct and indirect costs of any intervention are compared with relevant outcomes 
measured (48). The costs and clinical outcomes related to the intervention investigated are 
compared with another strategy for treating the same population. This approach enables a 
greater impact when more cost-effective health interventions are selected to be funded 
through apportioning financial resources from a limited budget. 
 
It is important that efficacious and cost-effective health interventions be developed for 
dissemination to industry to reduce the economic burden of health-related productivity loss 
in workers. Although employers are under enormous pressure to minimise costs when 
considering workplace health improvement programs (49), employers also have a vested 
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economic interest in maintaining the health of their workforce as larger health risks 
represent greater productivity reductions (50). Health initiatives aimed at improving health 
outcomes in employees can also benefit the employer financially (51), but importantly, to 
ensure strong long-term employer support for these initiatives, specific concerns of 
efficacy and cost-effectiveness of such potential programs must be addressed. When the 
efficacy or cost-effectiveness of health programs are demonstrated, these programs are 
more likely to be accepted into mainstream industrial practice as they have proven to be 
also beneficial from the employer’s perspective. Although a CEA may not be all 
encompassing for all important health care decisions, it still provides vital information in 
determining the allocation of resources (52). There is much interest in the economic costs 
and benefits of healthcare interventions and it is now common for economic evaluations to 
be conducted alongside clinical trials (53). 
 
1.2 Summary of thesis direction 
 
This thesis will investigate the value of health-related productivity loss, associated factors, 
and the potential benefit of workplace health interventions in office workers. Importantly, 
using a cluster-randomised design, it will evaluate the efficacy and cost-effectiveness of a 
workplace-based combination intervention strategy featuring ergonomics and neck-specific 
exercise training targeting health-related productivity loss in office workers. Another 
combination intervention consisting of ergonomics and health promotion information will be 
included as the comparator. The comparison of combined interventions such as these is 
novel and has not been undertaken by researchers working in this field. Therefore, this 
thesis answers the main research question: “Is a combined workplace ergonomics and 
neck-specific exercise intervention more efficacious and cost-effective than ergonomic 
management plus health promotion information aiming to reduce health-related 
productivity loss in office workers?” 
 
This thesis will assist with informed decision making for optimal management of finite 
financial resources allocated to health initiatives for the working population of office 
workers. This research has the potential to provide evidence for the efficacy and financial 
benefit of workplace health interventions, which is essential to ensure the support of 
employer and health policy makers alike.  
 
1.3 Overview of thesis  
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This PhD project is conducted alongside a prospective 1-year 2-arm parallel cluster-
randomised trial of two types of combined workplace programs (Australian New Zealand 
Clinical Trials Registry registration number: ACTRN12612001154897). The two combined 
workplace interventions are ergonomics plus neck-specific exercise and ergonomics plus 
health promotion information. The detailed trial protocol has been published elsewhere 
(54). Briefly, eligible participants, who are office workers more than 18 years old, working 
more than 30 hours weekly, will be allocated to one of two 12-week interventions. For this 
thesis, data collected at three time points is used – baseline, post- intervention at 12-
weeks and again at 12-months to determine changes in health-related productivity levels 
and Quality-Adjusted Life Years (QALYs) gained.  
 
This thesis includes the following studies: 
 
1. A systematic review of the impact of workplace physical activity programs on worker 
productivity. 
2. An inter-rater reliability study of an observation-based ergonomic checklist for office 
workers.  
3. A cross-sectional exploration of individual and work-related factors associated with 
health-related productivity in office workers.  
4. A cluster-randomised trial comparing two workplace combination interventions for 
health-related productivity loss in office workers. 
5. A cost-utility study contrasting two workplace combination interventions for office 
workers.  
 
Through conducting the above studies, this thesis aims to: 
 
1. Systematically appraise the available evidence for the impact of workplace physical 
activity on worker productivity.  
2. Establish the inter-rater reliability among trained practitioners of an industrially 
applicable ergonomic assessment checklist for office workers. 
3. Identify individual and work-related factors associated with health-related 
productivity loss in office workers.  
4. Compare the efficacy of two workplace combination interventions for health-related 
productivity loss in office workers.  
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5. Evaluate the cost-effectiveness of two workplace combination interventions for 
office workers. 
 
Thus, the following hypotheses will be tested: 
 
1. Workplace physical activity programs have a positive impact on worker productivity. 
2. An observation-based ergonomic checklist for office workers possesses good or 
acceptable inter-rater reliability among trained practitioners.  
3. A combination of individual and work-related factors is associated with health-
related productivity levels in office workers.  
4. A combination intervention of workplace ergonomics and neck-specific exercise is 
more effective at reducing health-related productivity loss in office workers than a 
combination intervention of ergonomics and health promotion information.  
5. A combination intervention of workplace ergonomics and neck-specific exercise is 
cost-effective compared to a combination intervention involving ergonomics and 
health promotion information. 
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Chapter 2 The impact of onsite physical activity interventions on 
worker productivity: A systematic review. 
 
2.1 Chapter background  
 
Although there is abundant evidence demonstrating the health benefits of workplace 
health initiatives, concrete evidence of economic benefits is lacking. There was a need for 
available evidence of productivity benefits from workplace physical activity programs to be 
synthesised to guide further research for the research program undertaken in this thesis. 
In this chapter, the impact of onsite workplace health-enhancing physical activity (HEPA) 
interventions on worker productivity was investigated through a systematic review. The 
manuscript has been published in a peer-reviewed journal - Occupational and 
Environmental Medicine (55) and has been reproduced here as Chapter 2 with minor 
modifications for consistency in presentation and to improve readability in this thesis. The 
results from this paper highlighted important trial design considerations, some of which are 
featured in the cluster-randomised conducted in this PhD project.  
 
2.2 Publication introduction 
 
Physical inactivity is prevalent globally (56) and has been linked to increased risk of 
developing chronic diseases (57, 58). As a result, many health authorities and 
governments have developed health promotion and disease prevention guidelines to 
encourage higher levels of physical activity (PA) (59, 60). One reason for the decrease in 
PA is the ubiquitous use of technology during work and activities of daily living reducing 
opportunities for PA and creating an increasingly sedentary population (59). The increase 
in sedentary lifestyle is a particular concern in working populations in developed countries 
(61).  
 
A common reason for low levels of PA, is a lack of time due to work or personal 
commitments (62, 63). This barrier may be addressed by the proximity of exercise facilities 
or convenient access to amenities (64, 65), with recommendations that building design 
and office planning include supportive environments, like exercise rooms, shower rooms or 
accessible stairwells, or providing access to fitness equipment to facilitate PA (66-68), but 
a potential barrier may be the costs borne by the employer for the implementation and 
maintenance of these facilities (68).  
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PA has been linked with improved physical and mental health, as well as better health-
related quality of life, of which work functioning is a sub-domain (69). The presence of 
physical and mental health conditions, and lower health-related quality of life have been 
linked to reduced work productivity (50, 70). HEPA (71) interventions have been reported 
to have positive results on employee health outcomes (72), but the relationship between 
PA and productivity is less clear (73). Studies have shown that vigorous general PA 
decreases rates of absenteeism (74, 75), however work-related PA like frequent walking, 
taking stairs and heavy strenuous occupational tasks of carrying heavy loads, increases 
likelihood of sickness absences (76). Employers have a vested economic interest in 
maintaining better health among workers as health-related productivity loss is the largest 
financial source of employee health-related expenditure (16). Thus promotion of HEPA is 
advocated as an important component of an organisation’s business plan to improve 
worker health and productivity (26), despite the mixed evidence surrounding the effects of 
PA on productivity. 
 
Productivity is a complex construct to measure, which may partially explain the current 
state of evidence for the benefits of HEPA or general PA on productivity. Simply, a 
worker’s productivity is a worker’s labour output (77), with sick leave or absenteeism, and 
presenteeism often used to represent health-related productivity losses. However, there is 
increasing recognition that ‘presenteeism’ (being at work but not performing optimally due 
to ill-health (15)) is a significant problem in the workforce (9, 17). The negative economic 
impact of presenteeism has been cited to be up to seven times larger than that of 
absenteeism (16). Importantly, from an employer’s perspective, evidence of productivity 
outcomes is imperative to demonstrate the financial benefit and efficacy of any onsite 
interventions in order to ensure management support (16, 78). 
 
The inability of establishing the exact impact of presenteeism lies in the difficulty in 
quantifying productivity losses due to presenteeism (79). There are a number of self-report 
subjective qualitative measurement tools for health-related productivity at work (80, 81), 
although current research does not strongly support any to be the gold standard (14), and 
that wide variation of economic impact estimates can be obtained using different tools 
(19). This is in spite of the increasing evidence for the economic and health benefits of 
workplace health promotion (including HEPA) interventions (27, 28).  
 
There have been considerable efforts by researchers to consolidate available evidence in 
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this area of research. A recent systematic review evaluated the impact of various health 
promotion initiatives on presenteeism (17). Another two reviews looked at the impact of 
workplace HEPA programs on a wide range of health and work-related outcomes (72, 82). 
Comparatively, the current review synthesises recent evidence for the effects of onsite 
workplace HEPA interventions, a health promotion activity, distinct from work-related PA. 
This was done with a focus on the employer’s perspective, inclusive of all known outcome 
measures of worker productivity.  
 
2.3 Methods 
 
This systematic review was registered in the International Prospective Register of 
Systematic Reviews (PROSPERO) – http://www.crd.york.ac.uk/PROSPERO/ with 
registration number CRD42014008750) and was prepared in consultation with the 
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 
guidelines (83). 
 
2.3.1 Eligibility Criteria 
 
The criteria for included studies were: (i) controlled or randomised controlled trials (RCTs) 
that investigated adult workers older than 18 years; (ii) studies that contrasted the effects 
of any type of onsite workplace, structured HEPA programs undertaken outside of normal 
work duties, to a comparator. Programs could be conducted during or outside of paid work 
time; (iii) studies that had any form of productivity measurement, including self-reported or 
actual sickness absences, quantitative measurements of job performance or qualitative 
questionnaires of work ability, whether these outcomes were the primary or secondary 
outcomes. There were no restrictions on the length of follow up, but the studies needed to 
have documented the intervention process. Only publications in the English language from 
January 2000 to 10 January 2015 were eligible. This time period was chosen because this 
review aimed to consolidate recent evidence surrounding this growing and evolving 
subject area and extends the timeframe covered by Proper and colleagues (82). 
 
Criteria for exclusion were: (i) studies that examined employees who were on sick leave 
and not working at their usual duties or workplaces at the time of delivery of the PA 
interventions; ii) programs that needed workers to travel offsite outside of company 
grounds, as this has been linked to lower participation rates (84) and (iii) studies that 
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investigated solely the alteration of structural facilities to encourage PA without 
incorporating any structured PA programs in conjunction. 
 
2.3.2 Literature search 
 
Three authors (MJP, TAC, VJ) agreed upon the literature search method. A reference 
librarian reviewed and provided input to the search strategy. The literature search included 
a computerised and comprehensive database search and a reference search. The 
literature search was performed in PubMed, CINAHL, PsycInfo, EconLit and ABI/Inform 
Complete. One reviewer (MJP) entered the search strategy into five selected databases. 
Keywords used included PA, exercise, workplace, occupational health, workload, sick 
leave, absenteeism, exercise and other closely related terms. A full electronic search 
strategy for PubMed and PICO framework are included (Figure 2.1 and Figure 2.2). 
Subsequently, the reference lists of included publications were examined to identify 
additional studies, to ensure that any relevant primary studies were not missed. 
 
((((((("Workplace"[Mesh]) OR workplace OR "Occupations"[Mesh]) OR "Employment"[Mesh] OR 
"Occupational Health"[Mesh] OR "Occupational Health Services"[Mesh] OR office) AND Clinical Trial[ptyp] 
AND ("2000/01/01"[PDAT] : "2015/01/01"[PDAT]) AND ((((("Workload"[Mesh]) OR "Efficiency, 
Organizational"[Mesh]) OR "Absenteeism"[Mesh]) OR "Sick Leave"[Mesh]) OR "Task Performance and 
Analysis"[Mesh] OR productivity OR presenteeism' OR productiveness OR proficiency OR efficacy OR 
efficiency OR work ability) AND Clinical Trial[ptyp])) AND (Physical Training OR (("Exercise"[Mesh] OR 
"Exercise Movement Techniques"[Mesh] OR "Exercise Therapy"[Mesh] OR "Resistance Training"[Mesh] OR 
"Muscle Stretching Exercises"[Mesh]))))) 
Figure 2.1 Full electronic search strategy for PubMed database. 
 
PICO Description of detail 
Population Adult workers 
Intervention Workplace health-enhancing physical activity 
Comparison Other workplace interventions, or placebo, or no intervention 
Outcome Worker productivity outcomes of absenteeism and presenteeism 
Figure 2.2 PICO framework used 
 
2.3.3 Screening the literature 
 
All citations of titles and abstracts identified through the search strategy were exported 
using a reference management system. Two reviewers (MJP and BKC) independently 
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screened titles and abstracts of exported records. Subsequently, full papers of citations 
that met all inclusion criteria were extracted. Full papers were then examined in greater 
detail for inclusion in this review. Consensus of studies selected between the two 
reviewers was reached through discussion, with the involvement of a third reviewer (TAC) 
when necessary.  
 
2.3.4 Quality assessment 
 
Two reviewers independently assessed risk of bias of the included studies using a 
simplified version of the Downs and Black (1998) checklist. This assessment tool was 
chosen as it is valid and reliable in ascertaining risk of bias in health-related interventional 
studies (85). Item 27 was simplified to consider whether or not a power estimation had 
been reported by the study's investigating team (86). A point was awarded for this item if a 
power estimation was reported and sufficient participants recruited by the research team. If 
not, the study scored a zero for item 27. This gives a maximum possible score of 28 for the 
simplified checklist. Consensus of all items in the checklist for all selected studies between 
the two reviewers was reached through discussion, with the involvement of a third 
reviewer (TAC) when necessary. Studies that scored 20 or more of 28 were ranked as 
high quality, and those that scored below 20 were ranked as moderate quality studies. 
Studies with scores of 13 and below have been determined by other researchers to be of 
low quality (87). The assigned level of quality was used to enable evidence-based 
recommendations to be constructed.  
 
2.3.5 Coding of literature 
 
A single reviewer (MJP) extracted data from eligible articles into an excel spreadsheet 
which was used to build evidence tables. A second reviewer (BKC) independently 
crosschecked all extracted data to ensure accuracy. Data extracted included study 
characteristics like participant population, intervention and comparator details, scheduling 
of intervention delivery (paid or unpaid work time); and outcomes like attendance rates, 
follow-up time points and results of relevant outcome measures of productivity. When 
insufficient information was presented in the articles, primary authors were contacted via 
email.  
 
It was originally intended that a meta-analysis would be performed, however the included 
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studies were not sufficiently homogenous, rendering only a qualitative synthesis of findings 
possible. Sub-group analyses were also planned to compare interventions conducted 
during paid or unpaid work time, different occupations, or various types of onsite 
workplace HEPA interventions (Yoga, Tai Chi, aerobic, or strengthening regimes), 
however due to the small number of included studies, this was not possible.  
 
2.3.6 Data management and statistical analysis 
 
A Cohen's kappa coefficient was calculated to determine inter-rater reliability for the quality 
assessment of included studies.  
 
2.4 Results 
 
2.4.1 Flow of literature search 
 
The process of selection of relevant studies is presented in Figure 2.2. The initial 
computerised search of selected databases identified 774 possible citations. After 
removing duplicates, 765 citations remained. Full papers of 25 citations that appeared to 
meet the inclusion criteria were retrieved for closer review. Finally, nine articles from eight 
studies that fulfilled all inclusion criteria were included in this qualitative review. Citations of 
ineligible full papers including reasons for exclusion are available elsewhere (55). 
 
 
Figure 2.3 Flow of literature search process.  
 
 
 
Records	iden fied	through	database	search	(n=597)	
PubMed	n	=	78	
CIHNAL	n	=	49	
PsycInfo	n	=	25	
EconLit	n	=	439	
ABI/Inform	Complete	n	=	6	
Addi onal	records	iden fied	
through	other	sources	(n=0)	
Records	a er	duplicates	removed	(n=590)	
Recorded	excluded,	not	eligible	(n=567)	
Full	text	ar cles	assessed	for	eligibility	(n=23)	
Full	text	ar cles,	not	eligible	(n=15)	
Studies	included	in	qualita ve	synthesis	(n=8)	
 14 
2.4.2 Methodological Quality 
 
Methodological quality scores, using the simplified assessment checklist, of the eight 
included studies ranged from 14 to 23 points [mean 19.22 (Standard deviation (SD) 3.11)]. 
The results of individual items of the simplified Downs and Black checklist are included in 
Table 2.1. Only three of the eight included studies were assessed to be of high quality, 
scoring 20 or more (40, 41, 47, 88). Five studies scored less than 20 and were considered 
to have a moderate risk of bias (89-92). Many (6 of 8) studies did not comment on the 
occurrence of adverse events. There were issues of generalisability with the results in 
some studies, as five of the eight studies recruited from participant populations that were 
not representative of the general population. All the studies with moderate risk of bias did 
not perform a power estimation and were not sufficiently powered. Inter-rater reliability of 
quality assessment of the included studies between the two raters was high with Kappa = 
0.974, p < 0.01 (93).  
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Table 2.1 Results of individual question items of the simplified Downs and Black checklist. 
No.  Downs & Black Checklist item  
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Study number 1 2 3 4 5 6 7 8 
Reporting 
1 Is the hypothesis/aim/objective of the study clearly described? 1 1 1 1 1 1 1 1 1 
2 
Are the main outcomes to be measured clearly described in the Introduction or Methods section? 
1 1 1 1 1 0 1 1 1 
3 Are the characteristics of the patients included in the study clearly described?  1 1 0 1 1 1 1 1 1 
4 
Are the interventions of interest clearly described? 
1 1 1 1 1 1 1 1 1 
5 Are the distributions of principal confounders in each group of subjects to be compared clearly 
described? 
2 2 1 2 1 0 1 2 2 
6 
Are the main findings of the study clearly described? 
1 0 1 1 1 0 1 1 1 
7 
Does the study provide estimates of the random variability in the data for the main outcomes? 
1 1 1 0 1 1 1 1 1 
8 
Have all-important adverse events that may be a consequence of the intervention been reported? 
0 0 0 0 0 1 0 1 0 
9 Have the characteristics of patients lost to follow-up been described? 0 0 1 1 1 0 0 1 1 
10 Have actual probability values been reported for the main outcomes except where the probability 
value is less than 0.001? 
1 0 1 0 1 1 0 1 0 
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External validity 
11 Were the subjects asked to participate in the study representative of the entire population from which 
they were recruited? 
0 0 1 1 1 0 0 1 1 
12 Were those subjects who were prepared to participate representative of the entire population from 
which they were recruited? 
0 1 0 0 1 0 0 0 1 
13 Were the staff, places, and facilities where the patients were treated, representative of the treatment 
the majority of patients receive? 
1 0 1 1 1 1 1 1 1 
Internal validity 
14 Was an attempt made to blind study subjects to the intervention they have received? 0 0 0 0 0 0 0 0 0 
15 Was an attempt made to blind those measuring the main outcomes of the intervention? 1 1 1 0 0 0 0 1 0 
16 If any of the results of the study were based on 
“Data dredging”, was this made clear? 
1 1 1 1 0 1 1 1 1 
17 In trials and cohort studies, do the analyses adjust for different lengths of follow-up of patients, or in 
case-control studies, is the time period between the intervention and outcome the same for cases 
and controls?  
1 1 1 1 1 1 1 1 1 
18 Were the statistical tests used to assess the main outcomes appropriate? 1 1 1 1 1 0 1 1 1 
19 Was compliance with the intervention/s reliable? 0 1 0 0 1 1 0 0 0 
20 Were the main outcome measures used accurate (valid and reliable)? 1 1 1 1 1 1 1 1 1 
21 Were the patients in different intervention groups (trials and cohort studies) or were the cases and 
controls (case-control studies) recruited from the same population? 
1 1 1 1 1 1 1 1 0 
22 Were study subjects in different intervention groups (trials and cohort studies) or were the cases and 
controls (case-control studies) recruited over the same period of time? 
1 1 0 1 1 0 1 1 0 
23 Were study subjects randomised to intervention groups? 1 1 1 1 1 1 1 1 1 
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24 Was the randomised intervention assignment concealed from both patients and health care staff until 
recruitment was complete and irrevocable? 
0 0 1 0 1 0 0 1 0 
25 Was there adequate adjustment for confounding in the analyses from which the main findings were 
drawn? 
1 1 0 1 1 0 0 1 1 
26 Were losses of patients to follow-up taken into account? 1 1 1 1 1 1 0 0 1 
Power 
27 Was a power estimation performed and reported with sufficient numbers recruited? 1 1 0 0 1 0 0 0 0 
Total (Maximum 28) 
21 20 19 
 
19 23 14 15 23 19 
 
2.4.3 Findings 
 
The eight studies included were RCTs. Characteristics of the studies included in the review are specified in Table 2.2. The studies 
evaluated the effects of a number of different types of onsite workplace HEPA with diverse populations using a number of outcomes. 
There were population groups that were involved in physically taxing workloads (47, 94), health care workers (88, 91, 92), public 
administration office workers (40, 41), employees from a university (89) and an insurance company (90). Only three studies (47, 92, 94) 
were designed with productivity as a primary outcome (Table 2.2). Primary outcomes for the rest of the studies ranged from stress levels 
to musculoskeletal pain symptoms.  
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Table 2.2 Characteristics of individual studies.  
Study population Authors Intervention Comparator  Delivery of 
intervention: 
Paid or unpaid 
work time  
Analysis  
549 office workers in 
Danish public 
administrative authority 
Blangsted et al 
(2008) 
Program length: 1 year  
Strengthening exercises 3 sessions of 20 minutes 
weekly (N = 180)  
Aerobic exercises 3 sessions of 20 minutes weekly  
(N = 187)  
Health education  
(N = 182) 
Paid Intention to 
treat 
Pedersen et al 
(2009) 
120 nursing home 
employees in a 
community nursing home 
in a Norwegian town 
Brox & 
Froystein (2005) 
6 months of combination of light aerobic, strengthening 
& flexibility exercises, weekly hour-long sessions (N = 
63) 
Continue normal 
activity (N = 56) 
Mixture (70% 
during work time, 
and 30 % involved 
leisure time) 
Intention to 
treat 
294 female cleaners, an 
occupation linked with 
high physical loads, 
working more than 20 
hours a week 
Jørgensen et al 
(2011)* 
Program length: 1 year 
Physical training 
Initial 3 months (Intensive) consisted of strengthening 
combined with postural stability training every week 
lasting 20 minutes. 
Subsequent 3 months consisted of monthly sessions of 
the above mentioned activity 
Last 6 months involved monthly sessions of physical 
training based on individual participant preferences 
Cognitive Behavioural training 
Initial 6 months (Intensive) consisted of fortnightly 2-
hourly facilitated group sessions  
Subsequent 6 months involved monthly 1-hour 
Health assessment of 
a one off one hour 
session that included 
a lung function and 
physical fitness test  
Paid Intention to 
treat 
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sessions 
260 female laundry 
workers performing 
physically demanding 
work in various 
production units of 
laundry company without 
contraindications 
Nurminen et al 
(2002)* 
30 minute feedback session on physical capacity, 
individual exercise prescription and counselling, in 
addition to:  
8 months of combination of cardiovascular, 
strengthening & flexibility exercises, weekly hour-long 
sessions (N = 133) 
30 minute feedback 
session on physical 
capacity, individual 
exercise prescription 
and counselling (N = 
127) 
Paid Intention to 
treat 
14 female nurses (full-
time and part-time) older 
than 40 years involved 
with patient lifting in an 
academic medical centre 
Palumbo et al 
(2010)* 
15 weeks of Tai Chi program, weekly 90-minute long 
sessions  (N = 7) 
No intervention, but 
offered Tai Chi class 
at the end of the 
study (N = 7) 
Paid Per protocol 
70 university staff of a 
small Catalonian 
university 
Puig-Ribera et 
al (2008) 
Program length: 9 weeks  
“Walking routes”: participants asked to complete at 
least 15 minutes of continuous, brisk walking every 
work day (N= 19) 
“Walking while working”: participants were encouraged 
to fit additional step counts into work routine (N = 25) 
Continue normal 
activity (N = 26) 
Paid Per protocol 
40 females employees of 
a nursing home for older 
people in Norway 
Tveito & Eriksen 
(2009) 
9 month “Integrated Health Program” (N = 19) including:  
Physical exercise (to improve physical capacity, 
strength & flexibility) exercises, 3 hourly sessions 
weekly 
Health education sessions, 15 weekly hour-long 
sessions 
An examination of the participants’ workplace  
No intervention, but 
offered same 
intervention at study 
completion  
(N = 21) 
Paid Per protocol 
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239 employees of a 
national 
insurance carrier in US, 
who scored >16 on the 
10-item Perceived Stress 
Scale. Mixture of salaried 
and hourly-rate workers. 
Wolever et al 
(2012) 
Program length: 12 weeks 
Therapeutic Yoga weekly hour-long sessions, 12 hours 
total (N = 90) 
Mindfulness based intervention weekly hour-long 
sessions and a 2-hour mindfulness intensive practice at 
week 10, 14 hours total (N = 96) 
Participants given a 
list of resources 
available to all 
employees, including 
resources to aid 
physical activity and 
mental well-being (N 
= 56) 
Some participants 
engaged in 
intervention during 
unpaid time.  
Per protocol 
*Studies with productivity as primary outcome. 
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Six studies evaluated the impact of onsite workplace HEPA interventions on absenteeism 
(40, 47, 88, 91, 92, 94). Six studies investigated the effect of onsite workplace HEPA 
programs on worker productivity using questionnaires that measured health-related work 
performance (40, 41, 47, 89, 90, 92, 94). 
 
The types and intensity of interventions delivered were varied. Three studies implemented 
combination exercise regimes targeting cardiovascular, flexibility and strength (47, 88, 91), 
another contrasted a strengthening program with an aerobic program (40, 41), one study 
compared different types of walking programs (89), one study compared a physical 
training intervention to a cognitive training program (94) and the remaining two 
implemented exercise regimes aimed at improving participants’ physical and mental 
wellbeing (Yoga and Tai Chi) (90, 92). The study with the highest quality investigated the 
efficacy of an 8-month long combined exercise program in female laundry workers and 
found that it improved self-reported productivity (47). The other study that found work 
performance benefit implemented a 15-week long Tai Chi program amongst older female 
nurses (92).  
 
Most (6 of 8) of the interventions were completed during work hours (40, 41, 47, 88, 89, 
92), two studies additionally involved some participants who engaged in the interventions 
during leisure time (90, 91) (Table 2.2). This information was obtained via email 
correspondence for two studies (90, 91). This meant that most of the employees involved 
in the included studies did not need to use personal time to engage in onsite workplace 
HEPA interventions delivered onsite. Attendance rates and follow-up data across 
individual studies are provided in Table 2.3. The authors of five study populations reported 
exact attendance figures, but only one study (92) appeared to have consistent attendance 
levels sufficient to achieve a positive benefit from the intervention. Thus, it would be 
difficult to conclude unequivocally that the end results obtained were due to the effects of 
the PA interventions carried out in the rest of the studies. 
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Table 2.3 Attendance, follow up and results across individual studies.  
Authors Attendance % Followed-
up;  
Time-point 
Sick Leave Productivity 
Blangsted 
et al 
(2008) 
Regular 
participation 
(at least 
weekly 
attendance): 
Intervention 
group i: 
54%, 
 Intervention 
group ii: 
31%,  
Comparator: 
16% during 
the 1st half 
of the 
intervention 
period; and 
35%, 28%, 
and 9% 
respectively 
during the 
second half 
80% at 1 year  Participants’ baseline mean sick leave 1.5 days during 
preceding 3 months and when multiplied by 4, not statistically 
different to 5.3 days during year of intervention (p=0.45) 
No statistically significant interactions between mean 
total WAI scores (SD) and types of intervention 
(Maximum score 42), exact p values not reported. 
 
Comparator group 
Males:  
Baseline 37.1 (3.11) → post intervention 37.2 (1.53) 
Females:  
Baseline 36.7 (3.30) → post intervention 36.5 (3.18) 
Intervention i) Strengthening 
Males:  
Baseline 37.7 (2.75) → post intervention 38.0 (1.20) 
Females:  
Baseline 37.4 (3.23) → post intervention 36.9 (2.69) 
Intervention ii) Aerobic exercises 
Males:  
Baseline 37.4 (2.62) → post intervention 36.8 (3.17) 
Females:  
Baseline 37.1 (2.88) → post intervention 36.6 (2.56) 
Pedersen 
et al 
(2009) 
Not measured No numerical data or p-values reported.  
No statistically significant changes in self-rated 
productivity on a single question 0 to 10 ordinal scale 
“How do you perceive your overall job performance in 
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the past 4 weeks?” 
Brox & 
Froystein 
(2005) 
Intervention 
attendance: 
average of 
12 (range 
0–26) 
sessions; 
10% did not 
attend any 
session, 
10% 
completed 
all sessions 
100% at 6 
months 
No statistically significant differences in mean total sick leave 
days (95% CI) between groups: 4.7 (-5.7 to 15.1) (p = 0.64) 
 
Comparator group: Baseline mean (SD) 0.4 (22.0) → post 
intervention 14.4 (22.9) 
Exercise group: Baseline mean (SD) 6.8 (14.6) → post 
intervention 15.6 (28.4) 
 
Not measured 
Jørgensen 
et al 
(2011) 
Reported to 
be low  
(Exact 
figures 
unavailable)  
52% at 1 year No statistically significant changes in accumulated sick leave or 
number of sick leave periods from baseline to post-intervention 
between groups (Data for mean sick leave days and SD for all 
absenteeism outcomes unavailable).  
 
Intervention i) Physical training: Sick leave days (Median) 
Baseline 4.0 → 1 year follow-up 4.25 
 Sick leave periods (Mean) Baseline 1.622 → 1.356 
Intervention ii) Cognitive training: Sick leave days (Median) 3.0 
→ 1 year follow-up 3.0 
Sick leave periods (Mean) Baseline 1.281 → 1.354 
Comparator group: Sick leave days (Median) Baseline 3.0 → 1 
year follow-up 2.0 
  Sick leave periods (Mean) Baseline 1.64 → 1.281 
No significant differences in self-assessed mean work 
ability (SD) on a single question comparing present 
work ability to lifetime best (0 to 10 ordinal scale). 
 
Intervention i) Physical training: Baseline 7.6 (2.0) → 
1 year follow-up 7.8 (1.9) 
Intervention ii) Cognitive training: Baseline 7.5 (2.1) 
→ 1 year follow-up 7.5 (2.1) 
Comparator group: Baseline 7.3 (2.2) → 1 year 
follow-up 7.4 (2.4) 
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Nurminen 
et al 
(2002)* 
Intervention 
group: 75% 
participated 
in > half of 
guided 
group 
exercise 
sessions, 
and ~ 50% 
took part in 
> 2/3 of the 
sessions 
100% at 3 
months 
94% at 8 
months 
92% at 12 
months 
90% at 15 
months 
No statistically significant changes at 8, 12 and 15-month 
follow-up in baseline adjusted differences between intervention 
groups for cumulative sick leave in hours (95% CI). Positive 
differences are in favour of the comparator group.  
  
8-month: 5.7 hours (-16.9 to 28.3)  
12-month: 12.0 hours (-15.8 to 39.7) 
15-month: 22.5 hours (-13.8 to 58.8) 
No significant baseline adjusted differences in mean 
total WAI (95% CI) between groups at 3, 8, 12 and 
15-month follow up 
  
3-month: 0.5 (-0.6 to 1.7) 
8-months: 0.5 (-0.7 to 1.7) 
12-months: 0.02 (-1.51 to 1.47) 
15-months: -0.01 (-1.4 to 1.4) 
  
At the post-intervention 8-month follow up, more 
workers in the intervention group had an optimistic 
opinion of their work ability after 2 years due to their 
health state, a component of the WAI. 
Baseline adjusted differences in proportions (%) 
between groups (95% CI) 
8.1 (0.5 to 16.3) 
At 12-month follow-up, effectiveness of intervention 
represented by an increased proportion of workers 
with "good" (37-43) or "excellent" (44-49) WAI scores 
in intervention group  
Baseline adjusted differences in proportions (%) 
between groups (95% CI) 
11.0 (0.2-21.9) 
Palumbo 
et al 
(2010)* 
Mean 
attendance 
82% across 
all offered 
79% 4 month average (SD) unscheduled combined- time off over 
previous year was compared to unscheduled combined-time off 
(SD) during intervention without statistical analysis. 
 
Significantly greater reduction in mean WLQ scores 
(Maximum 100, indicating greatest possible negative 
impact of health on work ability),p value = 0.03 
Mean (SD) change from baseline 
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classes Control group: 3 hours (3) →10 hours (14) 
Intervention group: 3 hours (7) → 0 hours (0) 
 
Comparator group: -0.8 (1.4) 
Tai Chi group: -3.1 (1.2) 
Puig-
Ribera et 
al (2008) 
Mean 
change of 
step counts 
per day 
(SD): 
Comparator: 
-191 (1620) 
Intervention 
i: +86 
(2629) 
Intervention 
ii: 
+12(2426)  
87% at 9 
weeks 
Not measured No statistically significant differences between groups 
in WLQ (Modified and translated version) scores. 
Mean change (SD) in each WLQ subscale reported. 
No p values were reported. A decrease in the 
subscale scores represents an improvement in job 
productivity. 
 
Comparator group:  
Time: -5.5 (4.4), Mental-interpersonal: +0.5 (4), 
Output demand: -5 (4) 
“Walking routes” group: 
Time: -2.5 (3), Mental-interpersonal: +1 (3.2), Output 
demand: -2 (3) 
“Walking while working” group:  
Time: -0.9 (2.5), Mental-interpersonal: -1.43 (2.1), 
Output demand: -0.8 (1.9) 
Tveito & 
Eriksen 
(2009) 
 Data 
unavailable 
73% at 9 
months 
No statistically significant differences between groups for 
annual mean sick leave days at baseline (p = 0.931), post 
intervention (p = 0.963) and 1 year follow up (p = 0.945). Group 
means (SD) reported.  
 
Comparator group: 
Baseline 20.6 (31.00) → post intervention 35.2 (40.94) → 1 
year follow-up 52.6 (68.86) 
Not measured 
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Exercise group:  
Baseline 19.7 (29.06) → post intervention 36.0 (48.50) → 1 
year follow-up 54.4 (75.50) 
Wolever 
et al 
(2012) 
Data 
unavailable 
86% at 12 
weeks 
Not measured No statistically significant group by time (pre and 
post) interaction. 
Mean WLQ (SD) (Maximum 100) 
 
Comparator group: Baseline 5.59 (4.15) → Post 
intervention 4.29 (3.91) 
Intervention i) Yoga: Baseline 4.87 (4.17) → Post 
intervention 3.91 (3.75) 
Intervention ii) Mindfulness: Baseline 5.54 (4.12) → 
Post intervention 3.60 (3.80) 
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Although a meta-analysis with subgroup analyses was initially planned, the small number 
of studies that were identified during the literature search of this review was too 
heterogeneous to be pooled for any further analysis.  
 
2.4.4 Sickness absences outcomes 
 
All of the six studies used records from employers or personnel administrative records for 
sick leave to quantify absenteeism, which is the preferred source for this type of data (95) 
(Table 2.3). There was no consistency across time periods of pre-intervention sick leave 
used for comparisons to intervention period sick leave. Examples include using a 3-month 
block pre-intervention multiplied by four compared to intervention period of one year (40); 
making comparisons to the year before intervention to intervention year and the year after 
(88); and comparing unplanned time off over a comparable time period in the previous 
year with that during the test period (92). Despite these methodological inconsistencies, 
onsite workplace HEPA programs did not reduce absenteeism.  
 
2.4.5 Productivity outcomes 
 
There are many available questionnaires that can be interpreted as representative of 
presenteeism (14). In the six included studies that investigated the impact of onsite 
workplace HEPA programs on worker productivity using measures of presenteeism, the 
measures used included the Work Ability Index (WAI) (two studies) (40, 47) and the Work 
Limitations Questionnaire (WLQ) (three studies) (89, 90, 92),a single item question of self-
rated productivity (41) and another single question item from the WAI (94) (Table 2.3). The 
WAI considers a worker’s best ability of their lifespan, job demands, any sicknesses, sick 
leave and self-reported perceived future work ability due to health. Different versions of the 
WAI were used in the 2 studies. One study used the WAI that had a maximum score of 42 
(40), whilst the scores for the other study’s questionnaire range from seven to 49 (47). For 
both studies, a higher score was indicative of better work ability of the worker (96). The 
WLQ consists of 25 questions divided into four subscales. The maximum score is 100, 
indicating the most significant negative impact of their health condition on ability to work. 
Two studies used the original WLQ (90, 92), while a third used a modified version (89). 
 
Two studies showed benefit of onsite workplace HEPA programs on a presenteeism 
measure of worker productivity. E Nurminen et al (47) conducted the study with the highest 
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quality rating. They demonstrated that the proportion of workers having a WAI score of 37 
and higher, representing good to excellent work ability not needing some form of 
supportive intervention (96), was larger in the cohort of participants that took part in eight 
months of weekly hour long sessions of a combination (cardiovascular, flexibility and 
strengthening exercises) program. The authors, reporting the proportions of workers 
indicating that they were “fairly sure they were able to do their current job” on a single 
question item of the WAI, “prognosis of work ability with respect to health after two years”, 
found that there was a larger baseline adjusted proportion of workers in the intervention 
group with a more optimistic opinion of their future work ability. Palumbo and colleagues 
(92) showed that a 15-week Tai Chi program at work had significantly greater reduction in 
WLQ scores than no-intervention (p=0.03), indicating less impact of a worker’s health 
condition on ability to work. However, this was a small feasibility study, with 14 
participants, aimed at determining the cost savings from reductions in time off work to 
justify a larger scale implementation of a similar program. This study also had the highest 
risk of bias of the included studies as suggested by its quality assessment score (14 of 28) 
on the simplified Downs and Black checklist. There were various potential sources of bias 
demonstrated by the several nought scores across different sections of the checklist. 
These two studies that showed benefit for productivity, were designed around productivity, 
had the highest attendance rates across the included studies and involved weekly 
interventions sessions that were 60 minutes or longer in female laundry workers or older 
health care workers (47, 92). 
 
In one study that used a single question item to assess a presenteeism measure of worker 
productivity, the researchers involved did not find significant changes in the measure 
chosen (94), even though the primary outcome of this study was a presenteeism measure 
and the intervention was delivered to cleaners involved with physically demanding work 
tasks. This study had the lowest follow-up rates of participants, low attendance at the 
intervention (no exact figures available) and low activity frequency in the latter nine months 
of the intervention (monthly sessions). In another study not showing benefit, both a single 
question self-report ordinal (0 to 10) productivity scale (41) and the WAI were used (40). 
The authors reported no significant changes in the productivity measure of the score on 
the WAI due to the implementation of either aerobic or strengthening exercises at the 
worksite compared to health education. The remaining two studies that included a 
presenteeism outcome in their study design used the WLQ (89, 90). There was no 
significant effect of a yoga or mindfulness-based intervention compared to the availability 
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of resources to promote PA or mental wellbeing and similarly when different walking 
programs were compared to usual activity. The latter three studies were likely not 
successful perhaps due to insufficient attendance or intervention duration. Most (3 of 4) 
studies that did not find any significant benefit on presenteeism from onsite workplace 
HEPA programs were not designed around a primary presenteeism outcome. 
  
Hence, from the results of this qualitative synthesis of the included studies, there appears 
to be inconsistent evidence to demonstrate the positive impact of onsite workplace HEPA 
programs on worker productivity (97). Studies that found benefit were designed around a 
productivity outcome, were delivered to non-sedentary work groups and had high levels of 
attendance and activity intensity. Due to heterogeneity across population groups, 
interventions and outcomes in the included studies, further analysis was limited.  
 
2.5 Discussion 
 
This review found that onsite workplace HEPA programs do not benefit worker 
absenteeism and there is inconsistent evidence of benefit for worker self-reported 
presenteeism outcomes. These findings echo the current conflicting evidence for the 
impact of workplace HEPA programs. Whilst there are many clear benefits from workplace 
HEPA programs on clinical outcomes, for example physical fitness, PA behaviours and 
health profiles like diabetes risk and lipid levels (72), the situation regarding productivity 
outcomes is not as apparent. Proper et al (82) concluded there is limited evidence on 
absenteeism, however a study published in 2009 (72) found that workplace HEPA 
interventions had low levels of benefit on absenteeism. This conflict also exists when 
productivity was measured with presenteeism outcomes (17, 82). 
 
The strength of this review is the comprehensiveness of productivity outcomes considered. 
Nevertheless, there was some variability in the productivity measures used with most (5 of 
8) studies using the WAI or WLQ. These measurement tools were extrapolated from 
studies with disease populations (14). The WLQ (98) has demonstrated validity and 
reliability as a measure of work productivity losses in chronic disease populations like 
asthma and psychiatric disorders, while the WAI has been used to document changes in 
work abilities of an older working population (96). It may be possible that these 
measurement tools are less sensitive to changes in a healthy working population 
accounting for the lack of clear benefit. Studies that reported baseline values of 
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productivity (40, 47, 90) demonstrated that workers were close to the best possible 
productivity levels at baseline (Table 2.3). The population groups in these studies did not 
demonstrate low levels of productivity that could benefit from an intervention or the 
measurement tools had a ceiling effect (40, 90). Hence the measurement tools utilised 
may not have been able to capture improvements due to the intervention. The lack of 
consistency in measurement tool used may be due to a lack of a single valid gold standard 
for presenteeism measure for the working population across occupations and age groups. 
Given the great variety of occupations and the varying nature of work as new 
technologies, systems and processes are introduced, qualitative studies of working adults, 
in various occupational groups, should be considered in order to investigate the factors 
that constitute workplace productivity. Future research regarding the validity and reliability 
of potential measurement tools in a reasonably healthy, working population needs to be 
conducted to guide researchers in the selection of appropriate presenteeism measures, a 
recommendation echoed by authors in a related review (17).  
  
Another important consideration for the lack of clear benefit is the choice of participants 
recruited. The inclusion of all participants rather than those at-risk like those with high sick 
leave, physically demanding work or past ill-health may explain the inconsistent evidence 
for benefit of onsite workplace HEPA. Interestingly, workers involved in studies showing 
benefit had occupations requiring higher physical demands when compared to sedentary 
jobs (47, 92). It is possible that as a result of the intervention, the discrepancy between 
physical abilities and job demands were reduced (76), and hence these studies were able 
to demonstrate benefits of onsite workplace HEPA programs. Future studies of onsite 
workplace HEPA programs may consider selecting participant population based on 
identified needs. Matching interventions with identified needs of the workers is not new. 
Recently a group of researchers have suggested occupation specific training by 
customising interventions to ensure a balance between the individual’s physical capacity 
and the occupation related physical demands (99). Tailoring of interventions was 
undertaken in successful workplace health promotion programs on presenteeism 
outcomes compared to unsuccessful ones (17). Hence, these principles can be applied to 
onsite workplace HEPA interventions to enhance worker productivity and these studies 
should be targeted in participant selection and be individualised to specific job 
requirements. 
 
There were several possible reasons for the inconsistent evidence for productivity 
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outcomes. Firstly, many of the high quality studies may have not been adequately 
powered to detect a difference in productivity. We found most studies (5 of 8) examined 
health outcomes such as PA levels or physical capacity as the primary outcome (40, 41, 
88-91). However, these outcomes may not be of interest to the employer especially in a 
working population who are assumed to be reasonably healthy. Thus, more high quality 
primary studies of onsite workplace HEPA programs designed to be sufficiently powered to 
detect a difference in productivity outcomes from the employer’s perspective are needed. 
 
Secondly, all studies in this review used different forms of onsite workplace HEPA 
interventions, including body region specific strengthening, general cardiovascular 
exercise, combination exercises, and therapeutic yoga. All of these forms of onsite 
workplace HEPA programs were delivered to different populations ranging from sedentary 
office workers to female nurses, female laundry workers and female cleaners. The latter 
three groups of workers would be considered to perform physically demanding tasks as 
part of their usual workday. Given the variation in populations and regimes, it is difficult to 
recommend one over another. The most ideal form of onsite workplace HEPA to improve 
productivity might involve more than one specific exercise type or be multidimensional in 
nature. This is based on the evidence gathered in this review, as a high quality study 
showed that one hour per week of cardiovascular, strengthening and stretching exercises 
is beneficial for female laundry workers (47). Thus, firm conclusions regarding which 
aspect of the combination program was effective in improving productivity levels cannot be 
drawn. However, recently published HEPA guidelines in Australia recommend combining 
twice-weekly strengthening exercises with at least 75 minutes of vigorous or 150 minutes 
of moderate levels of HEPA (100). Hence a combination approach to onsite workplace 
HEPA may be necessary to elicit changes in worker productivity. Perhaps worker 
productivity requires a multi-modal approach that can tap into the processes underpinning 
behavioural change to effectively institute and maintain these changes compared to a 
single-component exercise intervention that does not. As above, in the high quality study 
by Nurminen and colleagues (47), individualised exercise prescription and counselling was 
integrated with HEPA to positively impact on productivity. This result is similar to findings 
from another review that demonstrated the importance of combining cognitive strategies to 
effect change on work-related outcomes (101). Hence, multimodal interventions, 
incorporating cognitive strategies or improving work procedures, can be considered in 
order to better target worker productivity. 
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Thirdly, low attendance was a factor in all studies not reporting benefit of onsite workplace 
HEPA on productivity. Thus, it would be premature to conclude that onsite workplace 
HEPA programs are ineffective in productivity outcomes when these interventions were 
not received in the intended dose to effect change. Importantly, most of the participants 
were given time away from work duties during work hours to participate. A closer scrutiny 
in future research of possible reasons why included participants were so poorly compliant, 
in spite of these programs being delivered onsite, is pertinent to guide future trials. Authors 
reported participants’ attendance in a variety of ways (Table 2.3). Three studies did not 
report exact attendance data and primary authors were either uncontactable or did not 
have data available anymore. There is a need to consider standardised reporting of 
attendance for each cohort of participants in the future. Recording the mean amount of 
attendance (in minutes) of all available interventions each week would ease comparison to 
available PA guidelines and enhance generalisability of results. This is significant as the 
amount of HEPA delivered is an important factor. The minimum amount of HEPA 
recommended per week is 75 minutes of vigorous activity or 150 minutes of moderate 
activity to maintain physical health and mental well-being (100). Attendance for more than 
six months in a regime is also recommended to achieve health benefits (60). It is worthy to 
note that in the studies included in this review, the weekly amount of HEPA in those 
showing benefit on presenteeism ranged from 60 to 90 minutes (mean 75 minutes). In 
comparison, the weekly amounts of HEPA in studies not showing benefit on presenteeism 
ranged from five minutes (latter nine months of program) (94) to approximately 75 minutes 
(mean 51 minutes) (89). The amount in the latter group of studies falls short of the 
recommended amounts of HEPA, especially so if the participants did not reach a vigorous 
level of exertion. Considering the dose-dependent relationship of exercise and quality of 
life improvements (102), this could explain the lack of effect of onsite workplace HEPA 
programs on worker productivity. While all the above factors need to be considered in 
future studies, building infrastructure and associated conduciveness for onsite workplace 
HEPA, and the workplace culture, such as management support have been cited as vital 
to the successful implementation of any worksite program (103).  
 
2.6 Conclusion 
 
There is no evidence of benefit of onsite workplace HEPA programs on worker 
absenteeism measures. There is inconsistent evidence regarding the effect of onsite 
workplace HEPA programs on self-reported worker productivity measured with 
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presenteeism measurement tools. One high quality study of a combination program 
incorporating cardiovascular, strengthening and flexibility exercises increased proportions 
of women laundry workers with more favourable work ability index scores and a moderate 
quality study of a Tai Chi program improved mean score on the WLQ in a population of 
older female nurses. Two high quality studies, one that compared strengthening and 
aerobic programs and the other investigating the effects of a holistic health intervention 
that included a combination of aerobic, strengthening and flexibility exercises did not show 
any benefit on productivity outcomes. Four moderate quality studies of physical training 
exercise, walking or yoga programs did not show any benefit on productivity outcomes as 
well. While there were no benefits on absenteeism, and inconsistent effects on 
presenteeism, no studies reported negative effects on productivity. 
 
The understanding of the concept of workplace productivity is still growing. Validity and 
reliability of various qualitative productivity outcomes needs to be established. Primary 
studies of onsite workplace HEPA programs of high quality and designed around 
appropriate participant populations and productivity outcomes are needed. Multimodal 
programs including HEPA, of sufficient intensity and duration that is occupation specific in 
nature for selected at-risk groups are worthwhile considerations. Thoughtful program 
design keeping the perspective of the worker and employer in mind could aid researchers 
to enhance attendance rates, with improved recording, of workplace programs to better 
understand the actual effects of these programs and to achieve larger beneficial changes 
to levels of worker productivity.  
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Chapter 3 Methodology of a cluster-randomised trial 
 
The evidence of productivity impact from workplace physical activity programs available in 
current available literature was synthesised in Chapter 2. In this part of this thesis, two 
workplace interventions for office workers will be contrasted for their economic impact. The 
methodology of a cluster-randomised trial of 763 participants used for this comparison is 
presented in this chapter. Both interventions involved an individualised assessment of 
participants’ workstation ergonomics with relevant management as required. Prior to 
undertaking this comparison, it is necessary to determine the reliability of the assessment 
tool used. This is included as section 3.2 in this chapter and has been published in a peer-
reviewed journal – Ergonomics (Impact factor 1.449) (104).  
 
3.1 Design  
 
A 1-year parallel 2-armed balanced cluster-randomised trial was conducted from May 
2013 to July 2016 (ACTRN12612001154897). Recruitment ended in July 2015.  
 
3.1.1 Setting and location  
 
The trial was conducted in a workplace setting, within organisations from both private and 
non-private sectors in Brisbane, Australia.  
 
3.1.2 Participants and recruitment  
 
Eligible participants were office workers older than 18 years, working more than 30 hours 
weekly, without medical conditions that fell under the exclusion criteria of the cluster-
randomised trial. Participants were excluded if they were pregnant, or had health 
conditions such as previous trauma or injuries to the neck, specific cervical pathologies, 
inflammatory conditions, or any history of cervical spine surgery. Participants were also 
excluded if exercise was contraindicated by their medical provider, or if they would be 
absent from their usual workplace for more than two weeks during the 12-week active 
period of the trial. An online survey screened for eligibility. Details of participant exclusion 
criteria are documented elsewhere (54).  
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3.1.3 Recruitment  
 
Organisations employing large numbers of office workers were targeted (54). 
Organisations were recruited through established professional networks of the lead 
investigator (VJ) and promotion of the trial through scientific and industry conferences. The 
trial was presented as a general health improvement initiative to prevent participant 
response bias and enhance generalisability of the results. Participants were recruited via 
emails from the onsite liaison and information sessions to staff and senior leadership, or 
scheduled information sessions ran by research team members located in Brisbane. Self-
selection bias is likely to be involved in the voluntary participation process for this trial. 
However, it would otherwise be unethical if the trial interventions were mandatorily 
implemented. Recruitment occurred for approximately 2 weeks prior to commencement of 
interventions at each organisation. Organisations were enrolled sequentially. 
 
3.1.4 Procedure 
 
Ethical approval was obtained from the Medical Research Ethics Committee of The 
University of Queensland and specific organisations, as required, before the trial 
commenced (Appendix 1 and 2). Informed consent was obtained before the start of 
assessments (Appendix 3 and 4). All eligible participants completed an online survey to 
collect baseline information (Appendix 5). Similar surveys were administered to 
participants to collect follow-up information. 
 
3.1.5 Clustering and cluster-randomisation  
 
After baseline assessments, participants were organised into clusters according to 
geographical location in the building, floor, work unit or work location in descending order. 
This information was gleaned from participants’ eligibility survey, floor plans provided by 
the organisation and the health professionals who conducted the ergonomic interventions. 
Participants were allocated to clusters until the optimal size was reached. Optimum cluster 
size was pre-determined to be five – eight participants due to the nature of the exercise 
intervention requiring supervision and hands-on facilitation. Clusters outside of this range 
were created when necessary, for instance in open-planned offices. An even number of 
clusters were created within each organisation to allow a balanced cluster-randomisation. 
This approach was adopted to ensure maximum homogeneity within and heterogeneity 
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between clusters. Clustering reduces contamination effects (105-107), and is realistic for 
implementation of workplace interventions. It was also anticipated that this approach would 
foster team-building and augment adherence to interventions. 
 
A blinded statistician assigned participants collectively in clusters to either group using a 
randomly generated number sequence (sets of four). Intervention group assignment was 
concealed until baseline assessments were completed. Participants were notified of their 
assignment shortly before commencement of interventions. This process was repeated at 
each organisation.  
 
3.1.6 Power calculation 
 
A sample size calculation was performed with the employer’s financial interests in mind. 
Reductions in productivity loss needed to be at least $896.80 for an organisation to break-
even from program implementation costs. This includes estimated employee wages for 
participation during work hours. An estimated 262 participants were needed in each arm to 
achieve this mean difference in health-related productivity loss between groups at 80% 
power and one-sided 0.05 Type I error. Additionally, the diminishing impact on power due 
to clustering of participants was considered. A conservative intra-class correlation of 0.02 
(108), together with a mean cluster size of six anticipated based on the pre-determined 
ideal number per exercise class (5 – 8), meant that the sample size required was 576 (96 
clusters). Accounting for an anticipated loss to follow-up of 10%, 640 participants were 
needed in total. Shortly before recruitment ended, the research team decided that an 
inflation of the sample to 720 was necessary due to a greater than expected attrition rate 
at approximately 25% as the trial progressed. This was because of the unanticipated large 
magnitude of organisational restructuring or downsizing that could not have been 
ascertained until the implementation phase of the study. 
 
3.1.7 Interventions and delivery 
 
Interventions occurred during work time. If individual participants were unable to attend 
sessions scheduled for their clusters, they were permitted to attend sessions for another 
cluster of the same intervention.  
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3.1.7.1 EET – Workplace ergonomics and neck-specific exercise training 
 
Participants assigned to this intervention group received an individualised progressive 
exercise program of the neck and shoulders using resistance bands and weights for 12 
weeks. The intention of this exercise program was to enhance the physical function of the 
neck and shoulder region of the individual office worker. Details of the exercise regime 
including individualisation of training load and progression have been reported (54). 
Participants undertook exercise thrice weekly for 20 minutes each time, at their usual 
worksite with co-workers in groups in a designated room. In the first week, two sessions 
were supervised by a physiotherapist to allow sufficient time to explain the rationale for 
exercise and use of the exercise diary, and allow sufficient demonstration and practice of 
exercises to enable learning. Subsequently, one weekly session was supervised. The 
project physiotherapist (JL) supervised the majority of these sessions. Attendance at 
supervised sessions was documented by the supervising physiotherapist. Attendance at 
unsupervised sessions was logged by participants in an exercise diary. Participants were 
each provided exercise equipment to continue the regime independently when the 
program ended. 
 
3.1.7.2 EHP – Workplace ergonomics and health promotion information 
 
Instead of the exercise program, clusters of participants in this intervention group received 
a series of health promotion information seminars conducted by a health professional 
(physiotherapist, occupational therapist or nutritionist) on a weekly basis, lasting an hour 
for 12 weeks. They attended these sessions at their usual worksite with other co-workers 
in groups. This ensured parity of intervention time as exercise group participants. 
Appendix 11 lists topics covered in these seminars. These topics targeted health-related 
psychosocial aspects of the office worker. Structured physical activity guidelines or specific 
information on exercise were not included, with only general encouragement to stay active 
for better wellbeing. Attendance at these talks was recorded by the health professional 
delivering the talks.  
 
3.1.7.3 Workplace ergonomics component 
 
Additional to the exercise training or health promotion information intervention, participants 
received a workstation ergonomics assessment by an experienced physiotherapist or 
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occupational therapist using an observational checklist with moderate to good inter-rater 
reliability consistent with local legislative requirements (104). The aim of addressing 
participants’ workplace ergonomics was to address discrepancies between job tasks and 
physical capacity of an office worker. The health professionals who conducted these 
assessments were blinded to participants’ group assignment. Based on these findings, 
participants subsequently received individualised ergonomic interventions aligned with 
current Australian recommendations (109) and a synthesis of available empirical evidence 
(34, 110, 111). The inter-rater reliability of this checklist, based on assessments of a group 
of participants in the inter-rater reliability study by two particular health professionals who 
performed the bulk of assessments of workstation ergonomics of participants in the 
cluster-randomised trial (93%), is tested in the following section. The minority of 
assessments done by health professionals other than the two involved in the inter-rater 
reliability study received similar training. 
 
3.2 Inter-rater reliability of an observation-based ergonomics assessment 
checklist for office workers.  
 
This section is a modified version of a manuscript has been published in a peer-reviewed 
journal – Ergonomics (104). Minor edits of this peer-reviewed paper were made to ensure 
consistency in presentation and flow for this thesis.  
 
3.3 Publication introduction  
 
The prevalence of musculoskeletal disorders amongst office workers is high, 61 – 70% 
annually (112-114), and linked with diminished productivity (10). The source of these 
disorders can be partly attributed to features of the computer workstation (30). Workstation 
modifications are often implemented to alleviate musculoskeletal symptoms experienced 
by office workers (34, 37, 115-118). Therefore, initiatives aimed at reducing the risk of 
symptoms in office workers by modifying workstation ergonomics are legislative 
requirements in many jurisdictions (109, 119-124). Whilst government guidelines are 
available, more can be done to assist employers fulfil their legislative obligations and 
reduce the high prevalence of musculoskeletal symptoms and potential costly productivity 
loss in this population.  
 
No gold standard exists for evaluating the ergonomics of computer work to identify 
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potential injury risk factors (125-127). Self-rated questionnaires, simple observational 
checklists, advanced analysis using video footage or direct measurements using sensors 
have been discussed as methods to evaluate exposure to risk factors during work (128). 
Methods involving specialised equipment are costly, require extensive technical 
proficiency (128), and thus are not readily available to many employers. Conversely, online 
self-rated questionnaires (127) are inexpensive but can be inconsistent (128-130). 
Practitioner-led examinations are a medium cost option that have been shown to improve 
work ergonomics (37, 115, 116, 131) and provide consistent assessment results (132). 
Thus, an observational ergonomics assessment completed by trained practitioners to 
determine and achieve compliance to legislative requirements is likely to be an acceptable 
method for widespread industry implementation.  
 
This study aims to establish the inter-rater reliability of an assessment checklist 
comparable to government ergonomics guidelines when used by trained practitioners. 
 
3.4 Methods 
 
An inter-tester reliability study using the Guidelines for Reporting Reliability and 
Agreement Studies (GRRAS) was conducted (133). Ethical approval was granted by The 
University of Queensland’s Medical Research Ethics Committee for this sub-study 
(Appendix 6).  
 
3.4.1 Study sample and recruitment 
 
Participants were fulltime office workers (minimum 30 hours weekly) performing computer-
based jobs. Four organisations in the cluster-randomised trial were approached using a 
stratified sampling strategy targeting volunteers ineligible for the main trial. Recruitment 
lasted 6 months from October 2014. Participants gave informed consent (Appendix 7 and 
8). A prospective sample of 27 participants was selected for sufficient power, kappa 
coefficients ≥ 0.9, assuming 50% prevalence rates of positive findings (134).   
 
3.4.2 Checklist development 
 
The International Labour Organisation’s manual for workplace safety improvements 
advocates using locally adapted material for industrial dissemination (135). Two content 
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experts (LS, VJ) adapted an ergonomics checklist provided to employers by the 
occupational health and safety regulator in Queensland (Australia). The checklist was 
reviewed and current research findings were incorporated for comprehensiveness (34, 
109-111, 119). This checklist is included as Appendix 9 and is consistent with local 
government recommendations (Appendix 10). The final checklist consisted of 37 individual 
question-items (38 if laptop used), divided into 7 sub-sections each with a binary positive 
or negative outcome. The checklist assessed the suitability of common office workstation 
equipment to meet the individual’s needs and work demands. These were the chair (7 
question-items), desk (9 question-items), monitor (5 or 6 question-items with laptop), 
keyboard (5 question-items), mouse (3 question-items), telephone (3 question-items) and 
the physical environment (5 question-items) of the workstation. If a question-item of the 
checklist was scored positively, this checklist question-item was fulfilled in accordance with 
legislative guidelines for a particular workstation. A negative score for any checklist 
question-item indicated a lack of fulfillment of legislative requirements for a safe work 
environment in a particular workstation and reparative action would be required. If all 
negative scores were clustered in a particular equipment sub-section, only that piece of 
equipment required attention.  
 
3.4.3 Practitioners’ backgrounds  
 
Two experienced physiotherapists were involved (Rater 1 – 8 years; Rater 2 – 7 years). 
Both received specific training in office ergonomics and the checklist from one of the 
content experts. Training delivered by the content expert consisted of explanations, 
demonstrations, and one-on-one reassessment of the physiotherapists’ understanding. 
This was spread over a month. The physiotherapists and content expert each conducted 
several assessments independently then came together to discuss queries and 
discrepancies.   
 
3.4.4 Procedure 
 
Participants’ workstations, and how participants interacted with workstation equipment, 
were observed and evaluated against the checklist stored online via a tablet. The 
practitioners independently assessed each workstation consecutively in randomised order. 
To ensure the second assessor was blind to outcomes of the first assessment, the first 
assessor did not communicate findings during or after the assessment to the participant or 
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each other, and participants were advised to perform similar work during both 
assessments. Assessors did not provide recommendations to workers during evaluations.  
 
3.4.5 Analysis  
 
Inter-rater reliability between the two raters was determined with unadjusted kappa 
coefficients for the overall checklist and each workstation equipment sub-section.  
 
3.5 Results 
 
Twenty-seven participants (21 females) were recruited (1 university, 3 government 
organisations). Mean assessment duration was 21 minutes (SD=6.41). Table 4.1 shows 
the unadjusted kappa coefficients for the different workstation equipment sub-sections 
[0.381 (Environment) – 0.742]. Several classifications exist for interpreting reliability levels 
(93, 136, 137). According to LB Mokkink et al (136) et al, a moderate perspective, inter-
rater reliability between two trained practitioners achieved moderate to good reliability for 
all components, except for the environment sub-section.  
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Table 3.1 Results of inter-rater reliability analysis between two trained assessors (n=27).  
Checklist element Agreement (%) Kappa coefficient p-value Standard error 
Mouse 
(3 components) 
87.65 0.742 a, b, c <0.0001 0.111 
Chair 
(7 components) 
89.42 0.701 a, b, c <0.0001 0.072 
Keyboard 
(5 components) 
87.16 0.638 a, b <0.0001 0.095 
Telephone 
(3 components) 
87.65 0.579 a <0.0001 0.101 
Desk 
(9 components) 
93.00 0.447 a <0.0001 0.064 
Monitor 
(5 components) 
80.00 0.421 a <0.0001 0.077 
Environment 
(5 components) 
95.56 0.381 <0.0001 0.078 
Overall checklist 
(37 components) 
89.31 0.621 a, b <0.0001 0.031 
NOTE: Individual workstation equipment sub-sections in descending order of kappa coefficient values. 
Kappa coefficient for the overall checklist is presented last.  
a Checklist elements with moderate – good (kappa 0.40 – 0.75) inter-rater reliability according to Mokkink et 
al’s classification (32).  
b Checklist elements with substantial (kappa > 0.61) inter-rater reliability according to Landis and Koch’s (33) 
classification.  
c Checklist elements with potentially substantial (kappa 0.67 – 0.80) inter-rater reliability according to 
Hallgren’s (34) classification. 
 
3.6 Discussion 
 
The inter-rater reliability between two trained raters of a practitioner-led observational 
ergonomics assessment checklist comparable to available local jurisdiction guidelines and 
research evidence attained mostly moderate to good levels. As managers in other high 
risk industries are unfamiliar with ergonomics knowledge and guidelines, this checklist can 
be valuable to local employers of office workers (138). In the complex area of occupational 
health, the delicate balance between opposing needs of the employer and worker requires 
thoughtful consideration (139). Hence, skills like tackling sensitive issues and 
individualising recommendations that experienced health practitioners possess (140, 141) 
are important and necessary to implement workstation risk assessments and subsequent 
interventions. Although 45 minutes was allocated for each assessment, the average time 
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taken was 21 minutes. This timeframe is manageable for industrial use in busy 
workplaces. Thus, efforts to disseminate this feasible checklist and its reliable usage by 
trained practitioners on an industry-wide scale should be undertaken to assist employers 
to consistently provide safe working environments fulfilling their legislative duty.  
 
This study replicates findings from other studies that investigated inter-rater reliability of 
checklists developed for use elsewhere (125, 126, 131). Inter-rater reliability was highest 
for the chair, keyboard and mouse. These pieces of equipment have been extensively 
studied and optimal design and use may positively impact on musculoskeletal symptoms 
(110, 142). Ergonomics practitioners need to be reliable in assessments of such 
equipment set-up and use to ensure potential musculoskeletal benefits and that 
productivity gains are not compromised through unreliable assessments (37). The physical 
environment was the sub-section with the lowest reliability. Several reasons including low 
dispersal of findings (136), compound or unclear question-items of this section may have 
contributed. Specific and clearer suggestions for environment question-items are 
presented in table 4.2. Reliability coefficients were obtained for equipment sub-sections 
and overall checklist, as this was the intended use of the checklist (137).   
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Table 3.2 Suggestions for Environment sub-section question-items due to low inter-rater 
reliability.  
Environment sub-section question-item Alternatives or additional question options  
Adequate amount and quality of light for work 
tasks 
Adequate quantity of lighting e.g. 320 – 400 lux 
 
Glare, shadows and reflections controlled 
No excessive levels of noise exposure or lack 
of privacy 
 
No excessive and disruptive noise exposure e.g. less than 
50 decibels of background noise 
 
Lack of speech privacy 
 
Lack of physical privacy  
Comfortable thermal environment Comfortable environment temperature e.g. 18 – 23 
degrees 
 
Drafts controlled 
Good air quality Stuffiness controlled 
 
Regular servicing of centrally controlled air conditioning 
systems 
 
Unpleasant odours controlled 
Floor surfaces kept clear of trip hazards Floor surfaces kept clear to prevent trips, slips or falls 
 
Appropriate equipment available to access high shelving 
or filing cabinets to prevent trips or falls 
 
The ergonomics checklist used in this study was designed to identify areas of office 
workstations that may pose a risk of injury for the user, allowing employers to fulfil their 
legislative duty of providing a safe workplace. Previous studies of similar assessment tools 
provided summative risk scores, recommending reparation when scores were sufficiently 
high (125, 131). However, no specific direction of action was indicated. In contrast, our 
checklist assesses each equipment component of the workstation separately, making 
identification of non-compliant workstation equipment easy. Due to the many items within 
the office environment, a checklist that can easily identify unsuitable features or specific 
equipment requiring rectification with negative scores may assist with ease of 
implementation in industry.  
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3.6.1 Limitations 
 
This study had some limitations. Firstly, the modest sample size suggests caution when 
interpreting the results (136). Secondly, unadjusted kappa coefficients can be influenced 
by the prevalence of findings (134, 143, 144). A kappa-variant accounting for prevalence 
bias may be useful in addressing this (137). Thirdly, the agreement between assessors 
could have simply improved as the study progressed, because of a learning curve or 
practice effect due to the nature of the assessment tool. This was not examined in this 
study, as the extent of these effects for ergonomic checklists is unknown, and it was 
anticipated that the amount of training that the assessors undertook minimised this to a 
certain extent. Lastly, performance measures like test-retest or intra-rater reliability, or the 
checklist’s reliability among multiple assessors were not assessed. Test-retest or intra-
tester reliability were not were not examined, because these assessments were conducted 
during work time without financial compensation, so it would be difficult to expect 
participants not to request ergonomic advice changing the set-up of the workstation, after 
the second assessor has gone through the checklist. Video analysis could have been 
utilised to involve multiple practitioners, however, the study was designed to mimic 
industrial practice and minimise the technical burden of using the checklist. 
 
3.6.2 Future Direction 
 
Other important characteristics of evaluation tools like validity and responsiveness were 
not examined (145). Investigating these characteristics would be crucial in future studies in 
this area. Once validity and responsiveness of this checklist have been established, 
subsequent studies should investigate the financial benefit of assessments conducted by 
trained practitioners, as earlier work using self-evaluations did not demonstrate financial 
benefit (146). This information would fulfill the interests of employers seeking to contain 
costs when considering occupational health programs (139).  
 
3.7 Conclusions of inter-rater reliability study 
 
This study found that trained practitioners can reliably use this observation-based 
checklist, based on available local jurisdiction guidelines, to assess the ergonomics of 
office workstations. In doing so, employers of office workers will be able to better identify 
areas for improvement in their employees’ workstations, potentially reducing the high 
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prevalence of musculoskeletal disorders and the associated impact on productivity.   
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Chapter 4 An investigation of self-reported health-related 
productivity loss in office workers and associations 
with individual and work-related factors using an 
employer’s perspective.  
 
4.1 Chapter background  
 
Chapter 3 outlined the methodology of the cluster-randomised trial comparing a combined 
workplace ergonomics and neck-specific exercise to ergonomics and health promotion 
information. Chapter 3 included an inter-rater reliability study in which an observation-
based ergonomic checklist for office workers, part of the ergonomic management of the 
two combined interventions, was found to have moderate to good levels of reliability. The 
subsequent part of this thesis (Chapters 4 – 6) is based on the cluster-randomised trial. 
 
 In Chapter 4, the individual physical and psychosocial factors, and work-related 
characteristics associated with health-related productivity loss in office workers was 
explored through a cross-sectional study. Through this cross-sectional study, we may be 
able to identify how health-related productivity differs in office workers with varying 
individual and work-related profiles, the factors that predispose office workers to health-
related productivity loss, thus potentially being able to contribute to the knowledge base of 
primary and secondary prevention of health-related productivity loss in office workers. This 
study has been published in a peer-reviewed journal – Journal of Occupational and 
Environmental Medicine (147) and Chapter 4 is a modification of this publication. The 
modifications made in Chapter 4 were to minimise duplication of information and improve 
readability. Chapters 5 and 6 were similarly modified from the original manuscripts for the 
same purpose.  
 
4.2 Publication introduction 
 
Health-related productivity loss represents a significant component of human capital 
expenditure for employers (16), estimated to cost around $260 billion dollars annually in 
the United States (148). Office workers may be particularly vulnerable to health-related 
productivity loss due to their high prevalence of musculoskeletal pain, up to 70% annually 
(5, 149). Several individual and work-related factors have been linked with musculoskeletal 
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symptoms in office workers. Factors like increased psychological stress, reduced neck 
movement, altered muscle activity, reduced physical activity levels, suboptimal work 
ergonomics, and longer computer work hours have been associated with an increased risk 
of musculoskeletal symptoms in office workers (30, 31, 113, 149-151). The ubiquity of 
computers in the workplace increases the exposure of office workers to postural strain and 
risk of musculoskeletal symptoms (117). Musculoskeletal symptoms are associated with 
diminishing health-related productivity (10, 11). Thus, it is plausible that individual and 
work-related factors may also impact on health-related productivity levels in office workers 
with musculoskeletal symptoms.  
 
Significant relationships between worker productivity and various health conditions have 
been documented including stress and depression, spinal pain, allergies, obesity and 
diabetes (50, 152-155). The impact of health conditions on productivity appears to be 
cumulative in nature, with different conditions associated with varying levels of productivity 
loss (156). Health-related productivity can also be influenced by individual factors. Lower 
physical activity levels and unfavourable work-related health beliefs have also been linked 
with lower health-related productivity levels (74, 75, 157, 158). Unfortunately, a holistic 
understanding of individual and work-related factors influencing health-related productivity 
is lacking, especially in specific occupational groups. Such knowledge would be 
informative to industry and research settings aiming to lessen the financial impact of 
worker health-related productivity loss.  
 
Measurement of worker health-related productivity is challenging despite the known 
association between poor health and reduced worker productivity. Ill health can reduce 
productivity through two distinct forms, namely, ‘sickness absenteeism’ from work due to 
sick leave, and impaired at-work performance termed ‘sickness presenteeism’ (159), 
hereafter these terms will be used without “sickness” being specified. From an employer’s 
perspective, both absenteeism and presenteeism effects are relevant to health-related 
productivity (55). Many industries do not have objective measures of productivity (24) and 
a comprehensive review of 21 health-related productivity measures did not identify any 
clear gold standard (14). Quantifying productivity loss in monetary terms due to various 
worker health states is complicated by different job positions and associated incomes, with 
no standardised measure of output across industries. This difficulty is augmented in office 
workers who include a heterogeneous mix of occupations working in an office environment 
using computer equipment for diverse work tasks (160) with no standardised measure of 
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job output. Increasing the awareness of employers of the relationship between health 
issues and health-related productivity may assist them to maximise the health of their 
workforce to prevent potential negative financial outcomes (50). 
 
The aim of this study was to identify individual and work-related factors associated with 
health-related productivity levels in office workers from an employer’s perspective, with a 
focus on musculoskeletal health. We hypothesised that both individual and work-related 
factors would be associated with health-related productivity. These relationships have not 
been previously adequately studied. Therefore, we anticipate the findings of the study will 
be potentially informative to employers of office workers seeking to minimise health-related 
productivity loss.  
 
4.3 Methods 
 
4.3.1 Design 
 
A cross-sectional study using a self-report online survey and individual physical 
assessments was performed. The data was sourced from the baseline observations from 
the cluster-randomised trial comparing two types of combined workplace programs for 
office workers, comprising ergonomics plus specific neck exercise and ergonomics plus 
health promotion information interventions, outlined in Chapter 3. Details of participant 
information and recruitment have also been documented in Chapter 3. Participants were 
administered an online survey and undertook two types of physical assessments 
performed by trained physiotherapists or occupational therapists.  
 
4.3.2 Measures 
 
4.3.2.1 Health-related productivity loss 
 
The primary outcome measure of health-related productivity loss was obtained using the 
World Health Organisation’s HPQ. This questionnaire formulates the monetary impact of 
self-reported health-related productivity loss from both sickness absences and impaired 
performance at work (presenteeism). This questionnaire has good agreement with 
measures of work performance from an employer’s perspective (22, 25). The number of 
days missed from work in the last 28 days, self-rated usual job performance without 
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reference to peers, or absolute presenteeism in the last 28 days, and income information 
obtained from participants were used to monetise total self-reported health-related 
productivity loss, from both absenteeism and presenteeism, for each participant. The 
approach selected utilised an employer’s perspective (161). The HPQ provides several 
ways of calculating presenteeism. The absolute form of presenteeism was selected as it 
has the highest levels of correlations to health markers compared to other forms (23). 
Health-related productivity loss was calculated in both the original units of measurement of 
the HPQ in terms of work days missed and monetised values. Information in terms of work 
days missed allows easy comparisons with other settings, for example varying 
geographical locations utilising different currencies. Additionally, specific contributions from 
both absenteeism and presenteeism were also tabulated. 
 
4.3.2.2 Individual factors – collected through online survey 
 
A body diagram was used to demarcate anatomical areas of the neck, right and left 
shoulder, upper back, elbows, wrist and hands, low back, hips or thighs, knees, and 
ankles or feet. The severity of musculoskeletal symptoms in the preceding week was 
measured with a validated and reliable 10-point scale ranging from 0 (No symptoms) to 9 
(worst imaginable symptoms) (162). Participants who reported a score equal or more than 
3 in a particular region were classified as symptomatic cases for that region and those who 
scored less (0-2), as asymptomatic individuals (40, 163). The total number of symptomatic 
musculoskeletal regions was summed for each participant. Those who reported one or 
more symptomatic musculoskeletal area were defined as ‘cases’ and those who did not 
report any site of musculoskeletal symptoms were defined as ‘non-cases’.  
 
The Neck Disability Index (NDI) is an instrument with good test-retest reliability and 
internal consistency, and has a factor structure that is reflective of an individual’s level of 
neck-related physical disability (164, 165). This measure was included due to specific 
interest regarding the impact of neck symptoms on daily function and potential 
consequence on health-related productivity due to the high prevalence of neck pain in 
office workers.  
 
Demographic information such as age, gender, body mass index, annual income and self-
reported occupational categories appropriate for office workers (5) were collected. 
Personal factors hypothesised to have an impact on health-related productivity levels in 
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office workers were also collected. These included medication use for neck pain, presence 
of other health conditions, personal health beliefs regarding work-related activity using a 
single item from the Fear-Avoidance Beliefs Questionnaire (FABQ) (166), level of 
psychological wellbeing using the valid and reliable Kessler 6 scale (K6) (167), and 
physical activity levels with the valid and reliable short form of International Physical 
Activity Questionnaire (IPAQ) (168) whereby participants were categorised as being 
‘inactive’, ‘meeting activity guidelines’ or ‘exceeding activity guidelines’.  
 
4.3.2.3 Individual factors – collected through physical assessments 
 
The neck and shoulder muscle function of participants was assessed using previously 
described methods (54). Specifically, maximum endurance strength of the neck flexors, 
neck extensors and shoulder abductors were recorded. These measurement techniques 
performed in this study had excellent test-retest reliability (intra-class correlation 
coefficients 0.80 –  0.96) (169). 
 
4.3.2.4 Work-related factors – collected through online survey 
 
Indicators of work-related stressors that could potentially affect self-reported health-related 
productivity included self-reported duration of daily computer work and overall job 
satisfaction, evaluated with a single pictorially represented 7-point Likert scale (170). 
Workplace psychosocial risks were assessed using a modified 18-item version of the Job 
Content Questionnaire (JCQ). Participants were grouped into different job strain categories 
(low strain, active, passive, or high strain jobs) using the scoring recommended by Ostry 
(171).  
 
4.3.2.5 Work-related factors – collected through physical assessments  
 
Participants also underwent an ergonomics evaluation of their workstation (36, 37). This 
assessment was performed using a comprehensive observational checklist consistent with 
local legislative requirements which possessed moderate to good inter-rater reliability 
(104). The total score (range 0 – 38) was used as an indication of the overall suitability of a 
participant’s workstation for their individual needs and job demands.  
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4.3.3 Statistical analysis 
  
All statistical analyses were conducted with Stata version 14 (Stata Corporation, College 
Station, TX). Generalised linear models (GLMs), using a gamma distribution and an 
identity link, were used to account for the non-normal distribution of economic valuation 
data and preserve coefficients in an interpretable dollar value form. Univariate analyses 
were first conducted to examine the associations of monetised health-related productivity 
loss with individual and work-related factors. Factors with associations that approached 
significance (p-value<0.2) in univariate analyses were then examined for multicollinearity 
using the variance inflation factor (VIF) set at ≤2 VIF. All factors with significant univariate 
associations with monetised levels of productivity loss, and potential confounders, and of 
those without multicollinearity issues, were then entered into a final stepwise backwards 
GLM (gamma distribution, identity link) with a significance level set at 0.1 to identify factors 
that were significantly (p-value<0.05) related to monetised health-related productivity loss 
in a multivariate GLM.  
 
4.4 Results 
 
4.4.1 Participant cohort and characteristics 
 
Of the 14 participating organisations, 763 volunteer office workers who met the eligibility 
criteria were randomly allocated to an intervention and provided data. Analysis for this 
study was performed on complete data from 695 participants. Sixty-eight participants were 
not included in the final analysis for the following reasons: additional information provided 
through the online survey or during physical assessments leading to ineligibility (n=6); 
withdrawal from the trial (n=3); discontinued participation in the trial prior to completion of 
survey or physical assessments, with resulting lack of data, due to a change of employer 
(n=4), excessive work demands (n=2), unrelated illness or injury (n=2), or no reason 
provided (n=5). Information regarding other types of missing data points required for final 
analysis is outlined in Table 4.1. 
 53 
Table 4.1 Information regarding missing data points. 
Information type Number of participants Additional reasons for incomplete data 
Age 8  
Annual income 21  
Presenteeism  2  
Levels of job satisfaction 2  
Levels of neck disability 1  
Shoulder muscle function 12 Participant away during data collection (n=9) 
Participant could not complete testing (n=1) 
Participant refused testing (n=2) 
 
Table 4.2 shows all demographic and information of both individual and work-related 
factors collected from participants through the online survey. The average gross individual 
income in Australian dollars was $86,700 (SD=$38,000), substantially higher than the 
Australian average yearly earnings of $53,045 (172). There was also a significant 
correlation between occupational category and annual income (Spearman rho 0.580, 
p<0.001). Mean participant K6 score was 3.72. Only 1.73% of participants were classified 
as experiencing high psychological stress, represented by K6 scores of 13 or greater. The 
results from the individual physical assessments undertaken by participants are listed in 
Table 4.3.  
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Table 4.2 Characteristics of the study population collected from online survey (N = 695)  
Characteristic Mean (SD),  
unless otherwise stated 
Individual factors 
Sex (female count, percent)  433 (62.3%) 
Age in years  42.5 (10.7) 
Body Mass Index – from self-reported height and weight)  
(n = 694) 
27.0 (5.79) 
Gross annual individual income ($AUD) $86,700 ($38,000) 
Industry category (count, percentage)  
Private sector  202 (26.5%) 
Public sector 561 (73.5%) 
Occupation category (count, percentage)  
Manager / Senior Official 127 (18.3%) 
Professional 
212 (30.5%) 
Associate Professional / Technical Occupation 
75 (10.7%) 
Administrative / Secretarial Occupation 
222 (32.0%) 
Personal Service / Others 
60 (8.63%) 
Number of participants who reported use of medication for neck pain 
(count, percent) 
121 (17.4%) 
Number of medical conditions reported (median, IRQ) 0 (0, 1) 
Participants who held belief of work is cause of pain (FABQ work-
related activity item score = 6) (count, percent) 
77 (10.4%) 
Levels of psychological wellbeing – K6 scores a 3.72 (3.28) 
Number of participants reporting ‘high levels of psychological stress’ # 12 (1.73%) 
Levels of physical activity – short form of IPAQ categories (count, 
percentage) 
 
‘Inactive’ 
241 (34.7%) 
‘Meeting guidelines’ 
380 (54.7%) 
‘Exceeding guidelines’  
74 (10.7%) 
Number of participants who reported at least one musculoskeletal pain 
site / ‘cases’ of musculoskeletal pain (count, percentage) 
491 (70.7%) 
Number of symptomatic musculoskeletal regions reported by cohort  2.01 (2.08) 
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Number of symptomatic musculoskeletal regions reported by 491 who 
reported experiencing at least 1 area of musculoskeletal pain or ‘cases’  
2.85 (1.94) 
Participants who reported  symptoms in the following musculoskeletal 
regions (count, percentage) 
 
Neck 186 (26.8%) 
Shoulders 94 (13.5%) 
Upper back 114 (16.4%) 
Elbows 36 (5.2%)  
Wrists or hands 130 (18.7%) 
Low back 266 (38.3%) 
Hips 153 (22.0%) 
Knees 159 (22.9%) 
Ankles or feet 132 (19.0%) 
Levels of neck disability – NDI scores b 9.63 (8.41) 
Work-related factors 
Time using computer at work (count, percentage)  
4 - < 6 hours / day 
118 (17.0%) 
6 - < 8 hours / day 
490 (70.5%) 
≥ 8 hours / day  
87 (12.5%) 
Levels of overall job satisfaction c 4.94 (1.13) 
Workplace psychosocial risks – JCQ categories (count, percentage)   
‘Low strain’ jobs 
134 (19.3%) 
‘Active’ jobs 
240 (34.5%) 
‘Passive’ jobs 
130 (18.7%) 
‘High strain’ jobs 
191 (27.5%) 
NOTE: IRQ: interquartile range; AUD: Australian dollars.  
a Higher scores represents higher levels of psychological stress.  
b Higher percentage scores represent higher levels of neck disability. 
c Higher scores represent higher levels of overall job satisfaction. 
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Table 4.3 Results of individual physical assessments undertaken by participants 
Type of physical assessment  Measurement unit Number of 
participants  
Mean (SD) 
Maximum endurance of neck 
flexors  
Time in seconds holding 50% 
MVC 
692 41.4 (20.3) 
Maximum endurance of neck 
extensors  
694 88.8 (62.9) 
Maximum endurance of the 
shoulder abductors 
Repetitions lifted of MVC less 1 
kg 
695 10.1 (4.69) 
Ergonomics evaluation  Overall checklist score out of 
maximum of 38 a 
667 31.7 (3.00) 
NOTE: MVC: maximum voluntary contraction. 
a Higher scores represent higher fulfilment of workstation equipment to ergonomic assessment used. 
 
4.4.2 Self-reported health-related productivity loss 
 
Table 4.4 illustrates self-reported health-related productivity loss from participants. The 
monetary burden of overall health-related productivity loss is primarily driven by the costs 
of presenteeism, with the burden of presenteeism being approximately 5.95 times more 
than absenteeism. Participants had on average less than one day missed from work in the 
previous 28-day period due to absenteeism, and the equivalent number of work days 
missed due to presenteeism was approximately 5.36 times than that of absenteeism.  
 
Table 4.4 Results of health-related productivity loss for the past 4 weeks (N = 695) 
Component of Health-Related Productivity Loss  Mean (SD) Median Maximum 
Total monetary value ($AUD) $1,420 ($972) $1,220 $6,330 
Monetary value due to Absenteeism ($AUD) $205 ($393) 0 $5,460 
Monetary value due to Presenteeism ($AUD) $1,220 ($902) $1,060 $5,880 
Total work days missed 4.21 (2.40) 3.90 20 
Work days missed due to Absenteeism 0.662 (1.29) 0 20 
Equivalent work days missed due to Presenteeism 3.55 (2.08) 3.60 14.4 
NOTE: Tabulated with World Health Organisation HPQ and income information provided by participants.  
 
4.4.3 GLMs for monetised health-related productivity loss 
 
Univariate GLMs identified several individual factors as having significant associations with 
monetised health-related productivity loss (p-value<0.05) and none with associations that 
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approached significance (0.05<p-value<0.2). The remaining had non-significant 
associations (p-value>0.2). Significant factors identified were gender, the presence of 
musculoskeletal pain, NDI scores, K6 scores and shoulder abductor muscle endurance. 
Significant work-related factors were levels of job satisfaction and occupational category. 
All these factors when examined did not present issues with multicollinearity. The results 
of the final model are shown in Table 4.5. In order of magnitude of coefficients obtained in 
the final multivariate GLM, health-related productivity loss was significantly associated with 
occupational category to (-567 to -174), levels of job satisfaction (-137), levels of 
psychological stress (20.9) and experiencing at least one area of musculoskeletal pain in 
the preceding week (117). Based on these coefficients obtained, the potential financial 
burden of musculoskeletal pain is estimated to be costing employers on average 
$AUD1520 annually per office worker experiencing musculoskeletal pain.  
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Table 4.5 Results of generalised linear multivariate model for monetised health-related 
productivity loss (N = 695) 
Factors in final model Coefficient estimate Standard 
Error 
p-value 
Work-related factors 
Occupational Category  
Manager / Senior Official Reference 
Professional -174 (-349 to 0.0819) 89.0 0.050* 
Associate Professional / Technical Occupation -515 (-802 to -228) 147 <0.001* 
Administrative / Secretarial Occupation -509 (-789 to -229) 143 <0.001* 
Personal service / Others -567 (-924 to -210) 182 0.002* 
Levels of overall job satisfaction -137 (-184 to -89.5) 24.1 <0.001* 
Individual factors 
Levels of psychological wellbeing 20.9 (1.96 to 39.7) 9.64 0.031* 
Presence of musculoskeletal pain  
‘Non-cases’ of musculoskeletal pain Reference 
‘Cases’ of musculoskeletal pain 117 (16.2 to 219) 51.8 0.023* 
Endurance of shoulder abductor muscles  -12.9 (-28.0 to 2.10) 7.68 0.092 
Gender (Female) -177 (-380 to 26.7) 104 0.089 
Age   0.624 
Levels of neck disability    0.180 
NOTE: Modelling was performed using gamma distribution and identity link (Robust standard error adjusted 
for 14 clusters in organisation). *Factors identified to be significantly associated with monetised health-
related productivity loss (p<0.05). Factors with significant associations with monetised health-related 
productivity loss have been listed in order of coefficients magnitude.  
 
4.5 Discussion  
 
This study identified individual and work-related factors associated with health-related 
productivity levels in office workers. Specifically, health-related productivity loss was 
greater in those who worked as managers or senior officials, reported lower job 
satisfaction, higher levels of psychological stress, and experienced at least one area of 
musculoskeletal pain in the last 7 days. As most of these factors are potentially modifiable, 
the findings may have direct application for employers designing workplace health 
initiatives to improve health-related productivity in office workers. For example, addressing 
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individual factors has previously been advocated as a key strategy in improving worker 
productivity (173).  
 
A key finding of this study is that the impact of presenteeism is nearly six times greater 
than that of absenteeism in office workers in both monetised terms and in equivalent work 
days missed. This finding echoes previous research (16). It should be acknowledged that 
the concept of presenteeism is still evolving in the scientific literature. This is especially the 
case for office workers who perform heterogeneous work, partly due to differing job roles 
or seniority, and the corresponding varied work demands. This is despite the physiological 
and physical demands of office work generally being considered to be low and unvaried. 
However, the burden of employee health-related productivity on overall organisation 
performance would be underestimated if employers only considered absenteeism as a 
measure of worker health-related productivity. Therefore, it is essential for employers of 
office workers to consider presenteeism costs in order to comprehensively maximise 
worker health-related productivity, which is an integral aspect of an organisation’s capacity 
to optimise organisational performance (174-176).  
 
The variance in health-related productivity loss in office workers in this study was partially 
explained by a combination of work-related (occupation, job satisfaction) and individual 
(presence of musculoskeletal pain, psychological stress) factors. The finding that 
managers or senior officials are more likely to report higher levels of health-related 
productivity loss has been reported previously and possibly reflects the more complex job 
demands and responsibilities associated with these positions, leading to a larger scope for 
poorer performance in these more senior positions with potentially larger productivity 
decrements (23). This finding could also be explained by the significant (albeit moderate) 
correlation between occupational category and income, which would also be expected to 
influence the productivity outcomes found in this study. The similar magnitudes of health-
related productivity loss arising from absenteeism and presenteeism in equivalent work 
days missed, without the influence of income, might suggest that an individual’s income 
would not significantly change the main results of the study. Physical factors may also play 
a role in the relationship between occupational category and health-related productivity 
loss. Matching an individual’s physical abilities to the physical demands of their occupation 
has been proposed for better occupational health intervention outcomes (99). Future 
studies will need to investigate the causal relationship between the physical demands 
imposed by occupational category, physical capacity of the worker, and health-related 
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productivity loss.   
 
In agreement with previous studies, lower job satisfaction was shown to be associated with 
greater health-related productivity loss (177, 178). Workplace health interventions can 
improve job satisfaction (72), though the mechanism for this is likely through supporting an 
individual’s psychological wellbeing (179). A recent Australian study found that health-
related productivity loss was significantly greater when psychological stress was 
concomitant with other health conditions across several occupational groups (180). 
Workplace mental health programs are not commonplace (181), probably due to a lack of 
perceived need for such programs by organisation leaders (182). This is despite studies 
showing the treatment of psychological stress can restore health-related productivity levels 
to near normal (183). Although only a small proportion of participants were classified as 
experiencing high psychological stress, the associated negative financial impact of 
impaired psychological health is significant enough to warrant employers to provide 
workplace interventions targeting psychological health to improve employee health-related 
productivity (159, 184, 185). 
 
The estimated negative financial impact of musculoskeletal pain calculated in this study 
cannot be ignored by employers of office workers. Musculoskeletal pain was highly 
prevalent in this cohort of office workers, with 70.6% of participants reporting at least one 
site of musculoskeletal pain in the preceding week. This is concerning, given that in a large 
international study of 12,410 workers (of which 30% were office workers) (186), it was 
found that those with one site of musculoskeletal pain were more at risk of having pain at 
other sites. The magnitude of this issue is evident given that at least 10% of the Australian 
metropolitan fulltime workforce is regarded as ‘office workers’. This figure is also likely to 
be an underestimation of the actual number of workers using computer technology on a 
regular basis (6). The combination of the estimated value of health-related productivity loss 
from musculoskeletal pain, potential future loss from diminished long-term working ability 
(187), together with the sheer numbers of office workers in various industries, makes 
musculoskeletal pain in office workers a significant global economic burden warranting 
attention from employers and researchers alike.   
 
4.5.1 Strengths and Limitations 
 
A key strength of this study was that the primary outcome of health-related productivity 
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loss was estimated with the HPQ that has been used in investigations of several other 
working populations (184, 188, 189). This was in addition to the comprehensive inclusion 
of individual and work-related assessments using self-report and physical assessment 
methods. 
 
The findings from this study may be significantly influenced by the sample recruited and 
the study design. Firstly, the mean income of this study sample was skewed towards a 
higher-than-average income than that of the general Australian population. Thus, the 
health-related productivity cost findings obtained are likely to be above mean values that 
would be obtained from a random sample of the general population. Secondly, the 
presenteeism measure used for this study, is not specific to health and encompasses a 
global overview of reduced at-work performance, warranting a conservative interpretation 
of the results as actual sickness presenteeism may be lower (190). Lastly, the adoption of 
an employer’s perspective could have biased estimations to higher levels when calculating 
the financial costs of health-related productivity loss, as the approach taken does not 
account for participants making up for missed work days with overtime on other days.  
 
4.6 Conclusion 
 
Both individual and work-related factors were shown to be associated with health-related 
productivity levels in office workers. In order of magnitude of health-related productivity 
loss estimates, factors with significant associations were being a senior manager or 
official, lower job satisfaction, poorer psychological wellbeing and the presence of 
musculoskeletal pain. The monetary burden of presenteeism measured in this sample of 
office workers was approximately six times more than absenteeism. These findings 
suggest that financial gains may be achieved through workplace health interventions that 
target these potentially modifiable individual and work-related factors in office workers. 
 
 62 
Chapter 5 The impact of workplace ergonomics and neck-specific 
exercise versus ergonomics and health promotion 
interventions on office worker productivity: A cluster-
randomised trial.  
 
5.1 Chapter background  
 
Individual and work-related factors associated with health-related productivity loss in office 
workers were identified in Chapter 4. Beyond individual factors, this study highlighted the 
need to consider work-related factors in any evaluation of personal health-related 
productivity loss. This is in line with the combination approach taken in the cluster-
randomised trial featured in this thesis. Part of the results from the cluster-randomised trial 
is presented here in Chapter 5 of this thesis. Chapter 5 examined the worker health-
related productivity impact of the two workplace interventions. This impact was quantified 
in terms of the monetised value of health-related productivity loss, sickness absenteeism, 
and sickness presenteeism. No studies have used an approach of combining workplace 
ergonomics with neck-specific exercise training or with health promotion information to 
reduce health-related productivity loss in office workers. This will clarify which of these two 
workplace interventions is more efficacious in this regard. This chapter is a modification of 
a manuscript that has been published in a peer-reviewed journal – Scandinavian Journal 
of Work, Environment & Health.  
 
5.2 Publication introduction 
 
The annual prevalence of neck pain among office workers in Australia has been reported 
to be as high as 82% (5, 6). Neck pain is recurrent and chronic in nature (3), and a leading 
cause of disease burden in Australia (191). Importantly for employers, neck pain is 
associated with diminished productivity in office workers (10, 11). Employers of office 
workers have a legal responsibility, and a vested interest to minimise the potential 
negative financial impact of neck pain. Thus, reducing the financial impact of health-
related productivity loss in office workers will likely be a worthwhile business consideration 
for employers.  
 
Workplace health promotion has shown encouraging effects on worker health-related 
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productivity (17, 192). The scope of workplace health promotion interventions is broad, 
encompassing the physical and psychosocial aspects of the individual worker and the 
workplace. Management of workplace ergonomics can optimise an asymptomatic office 
worker’s environment with positive productivity results (37). However, in one study, 
ergonomic interventions like rest breaks or equipment modifications, for office workers with 
pain demonstrated no clear productivity benefit (34). Similarly, the evidence for workplace 
exercises to improve physical capacity is mixed, with strong evidence for reducing neck 
pain, but not for productivity gains (40, 193). Nevertheless, according to a systematic 
review, combination interventions like educational strategies with workplace modifications 
can reduce sickness absenteeism in workers with neck pain (194). Hence, there is a need 
for more evidence of productivity impact to facilitate employer decision-making processes 
regarding implementation of workplace health interventions for office workers.  
 
Providing ergonomic solutions to manage and prevent work-related health concerns is 
current industry best practice in Australia (109). A combination of workplace ergonomics 
and neck-specific exercise training to improve health-related productivity among office 
workers has not been studied. This combination may potentially lead to productivity benefit 
as the workplace and physical ability of the office worker are both optimised. The main aim 
of this study is to compare productivity outcomes of a workplace ergonomics and neck-
specific exercise training (EET) versus ergonomics and health promotion information 
(EHP) in a general population of office workers with or without neck pain using a cluster-
randomised trial. Three productivity outcomes of the monetary value of health-related 
productivity loss, sickness absenteeism and sickness presenteeism were considered. The 
second aim was to investigate if the two combinations tested had immediate (12 weeks) 
and longer-term benefits (12 months) for individual participants. The third aim was to 
determine the effects of the interventions specific for individual office workers with neck 
pain at baseline. We hypothesised the EET would be more effective than the EHP 
intervention in improving health-related productivity outcomes among individual office 
workers in the short and longer-term with greater effects for those with neck pain at 
baseline. 
 
5.3 Methods  
 
Recommendations from the CONSORT extension for cluster trials were observed in the 
reporting of this study (195). Monetary values were reported in 2015 Australian dollars. 
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Detailed methodology of this trial including recruitment, participant eligibility criteria, 
randomisation and information regarding the interventions has been published (54) and 
documented in Chapter 3 in this thesis. An online survey was used to collect participant-
reported information.  
 
5.3.1 Primary outcome  
 
Self-reported health-related productivity loss was measured at baseline, 12 weeks, 6, 9, 
and 12 months using the World Health Organisation’s Health and Work Performance 
Questionnaire (HPQ), and hereafter referred to as productivity loss. This paper reports 
data from the main follow-ups of baseline, 12-weeks (post-intervention) and 12-months. 
Good agreement with work performance measures from an employer’s perspective has 
been reported for this scale (22, 25).  
 
Monetised productivity loss was calculated using absenteeism and presenteeism sections 
in the HPQ from an employer’s perspective. Whole and part (0.5) work days missed due to 
personal health reasons in the last 28 days were totaled and represented absenteeism 
[Abs(days)]. Self-reported performance (0; worst – 10; top performance) in the past 28 
days was subtracted from 10 to represent presenteeism. Work days missed attributable to 
presenteeism [Pres(days)] was tabulated by converting presenteeism levels to a 
percentage [Pres(%)], and computing:  
𝑃𝑟𝑒𝑠(𝑑𝑎𝑦𝑠) = 𝑃𝑟𝑒𝑠(%) × [20 − 𝑉𝑎𝑐𝑎𝑡𝑖𝑜𝑛(𝑑𝑎𝑦𝑠) − 𝐴𝑏𝑠(𝑑𝑎𝑦𝑠)] 
Lastly, monetised productivity loss was estimated, using:  
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑙𝑜𝑠𝑠($) = [𝐴𝑏𝑠(𝑑𝑎𝑦𝑠) + 𝑃𝑟𝑒𝑠(𝑑𝑎𝑦𝑠)] × 𝐷𝑎𝑖𝑙𝑦 𝑖𝑛𝑐𝑜𝑚𝑒 
 
5.3.2 Other measures collected 
 
Neck pain in the preceding week was determined using a body diagram and a scale from 
0 (no pain) to 9 (worst symptoms). Participants who scored ≥3 at baseline were defined as 
having neck pain (54).  
 
Information about gender, age, body mass index, medical conditions, annual income, 
office worker category type (5), daily work-related computer use duration, and job 
satisfaction levels were obtained at baseline. Organisation information (industry sector and 
size) was recorded. 
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5.3.3 Statistical analysis  
 
All statistical analysis was conducted with Stata version 14 (Stata Corporation, College 
Station, TX). Intention-to-treat (ITT) analysis was conducted. Baseline characteristics 
collected from individual participants were analysed for individual-based differences 
between groups using 2-sample t-tests for continuous variables, and χ2 statistics for 
categorical variables. Variables with individual-based differences between groups were 
considered for potential model adjustments. Other model adjustments included were 
baseline productivity levels, age, gender, baseline neck pain, an intervention-time 
interaction, and intervention adherence.  
 
Mixed-effects hierarchical models were constructed, using three different outcome 
variables; monetised productivity loss, absenteeism, and presenteeism. These were used 
due to the longitudinal design of the study and to accommodate missing data points, which 
occur frequently in longitudinal studies (196). In addition, mixed-effects models also 
contain fixed and random effects, appropriate for the design of this study as the 
recruitment strategy was based on organisations and randomization based on clusters. 
Hierarchical or multilevel models accounted for the nesting of individual participants within 
randomization clusters for intervention assignment and employment organisations (197). 
Three levels of nesting were used. The lowest level was the individual, followed by the 
randomization cluster for intervention assignment, with the highest level being the 
employment organisation. Nesting levels were specified as random effects in the modeling 
and intervention group specified as a fixed effect and viewed as an explanatory variable. 
Different models were estimated depending on the nature of the productivity outcome 
being investigated as the dependent variable. Specifically, for the monetised value of 
productivity loss – multilevel mixed effects generalised linear model (meglm; gamma-
family and log-link), for absenteeism – multilevel mixed effects poisson regression 
(mepoisson), for presenteeism – multilevel mixed effects ordinal regression (meologit).  
 
Post-hoc pairwise comparisons were conducted to determine between- and within-group 
differences at 12-week and 12-month follow-ups. The following equation illustrates the 
multilevel mixed effects poisson regression modeling performed for absenteeism as an 
example.  
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Abs(days) = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 + 𝛽1𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝑎𝑠𝑠𝑖𝑔𝑛𝑚𝑒𝑛𝑡
+ 𝛽2 Abs(days 𝑎𝑡 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒)+  𝛽3𝑁𝑒𝑐𝑘 𝑝𝑎𝑖𝑛 (𝑎𝑡 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒) +  𝛽4 𝐴𝑔𝑒 
+ 𝛽5𝐺𝑒𝑛𝑑𝑒𝑟 + 𝜇1 𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 + 𝜇2 𝐶𝑙𝑢𝑠𝑡𝑒𝑟 + 𝜇3 𝑂𝑟𝑔𝑎𝑛𝑖𝑠𝑎𝑡𝑖𝑜𝑛 + 𝜀 
Variables included in models were examined for multicollinearity using variance inflation 
factor (VIF). Collinearity was deemed to be an issue if VIF > 10 (198, 199).  
 
5.4 Results 
 
5.4.1 Organisations, participants and participation 
 
Figure 5.1 depicts trial events and participant numbers at each stage. Of 21 organisations 
approached, 14 were enrolled (five private and nine public). A total of 4029 employees 
were emailed an invitation to participate. When eligibility was unclear, members of the 
research team discussed and reached consensus (JL, MM, SO, and VJ). Finally, 763 
participants were recruited and assigned to either arm. Participants’ characteristics were 
determined to be similar to eligible employees using information provided by the 
organisation (gender, age, income, and location).  
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The mean ages of EET and EHP participants were 42.4 (SD=11.1) and 43.0 (SD=10.3) 
years, respectively. The average incomes of both groups (EET – $90,227; SD= 43,300 
and EHP – $89,286; SD=33,570) were higher than the Australian average annual income 
of $53,045 (172). Individual baseline job satisfaction levels were similar between-groups at 
baseline (EET – 4.98, SD=1.14 and EHP 4.88, SD=1.10). There were no individual-based 
differences between groups for other baseline characteristics (Table 5.1).  
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Table 5.1 Baseline characteristics of participants by intervention group. 
Characteristic EET 
(n = 381) 
EHP 
(n = 382) 
(N, %) 
Gender (female)  
222 (58.3) 230 (60.2) 
Occupation category  
Manager / Senior Official 67 (17.6) 75 (19.6) 
Professional 
 
111 (29.1) 
 
113 (29.6) 
Associate Professional / Technical Occupation 
 
38 (10.0) 
 
41 (10.7) 
Administrative / Secretarial Occupation 
 
115 (30.2) 
 
118 (30.9) 
Personal Service 
 
12 (3.1) 
 
7(1.8) 
Others 25 (6.6) 19 (5.0) 
Number of medical conditions reported (count)  
0 227 (59.6) 199 (52.1) 
1 99 (26.0) 107 (28.0) 
2 28 (7.3) 45 (11.8) 
3 12 (3.1) 15 (3.9) 
≥ 4 2 (0.5) 7 (1.8) 
‘Neck case’ status  91 (24.8) 109 (29.2) 
Time using computer at work  
< 6 hours / day 67 (9.1) 57 (7.7) 
≥ 6 / day 301 (40.5) 316 (42.7) 
N. B. Not all numbers reported correspond to group totals because of missing data.  
 
Fifty clusters were formed for each intervention group (Table 5.2). Mean cluster size was 
8.4 for the EET group and 8.5 for the EHP group, without between-group differences. 
Appendix 2 details organisation size, sector, participant incomes, recruitment rates, 
number of clusters, participant numbers and cluster sizes for each organisation. Mean 
income was higher in the private sector (private – $101,708; SD= 59,635 versus public – 
$80,726; SD=20,692; p-value<0.001). Only one organisation achieved high rates of 
recruitment at 77.8% (200).  
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Table 5.2 Income levels, recruitment rate, clustering information, participation numbers and adherence by organisation and intervention 
group.  
O
rg
a
n
is
a
ti
o
n
 Annual 
income – 
‘000 (mean, 
SD) 
Recruitment 
rate ^ 
Clusters 
(N) 
EET (n = 381) EHP (n = 382) 
Participants 
(N) 
Cluster size  
[mean (SD; range)] 
Adherence 
Participants 
(N) 
Cluster size                
[mean (SD; range)] 
Adherence 
1#a 71.7 (11.3) 10.4 4 29 7.9 (2.5, 6 – 11) 48.0 (25.5) 28 7.3 (1.8, 5 – 9) 53.2 (29.9) 
2*b 98.3 (31.8) 19.7 6 36 6.1 (1.2, 4 – 8) 54.1 (22.2) 39 7.4 (2.5, 3 – 11) 68.8 (26.8) 
3#a 81.7 (15.7) 68.8 4 20 4.8 (0.4, 4 – 5) 53.0 (25.9)  24 6.6 (1.4, 4 – 8) 61.1 (30.6) 
4#a 79.5 (20.9) 17.2 4 23 6.9 (2.1, 3 – 9) 36.0 (31.2) 30 7.4 (0.8, 6 – 8) 49.4 (29.1) 
5*a 66.9 (12.9) 17.9 2 18 9.0 (0.0, 9 – 9) 61.3 (22.7) 19 9.9 (1.5, 8 – 11) 66.2 (25.5) 
6#a 93.5 (23.1) 24.7 4 26 6.6 (0.9, 6 – 8) 46.0 (30.5) 22 5.9 (1.3, 3 – 7) 54.5 (25.3) 
7#d 81.9 (21.1) 14.1 4 52 12.9 (1.5, 11 – 15) 61.6 (26.0)  47 12.7 (3.3, 9 – 17) 51.2 (31.4) 
8#c 89.9 (26.3) 24.4 6 42 6.0 (0.7, 6 – 8) 45.3 (26.4) 39 6.7 (1.0, 5 – 8) 53.1 (29.9) 
9*d 74.7 (22.6) 43.1 4 25 6.4 (0.8, 5 – 7) 71.2 (20.7) 25 6.4 (0.8, 5 – 7) 77.3 (20.6) 
10#b 76.1 (17.2) 34.9 4 33 8.4 (1.1, 7 – 10) 54.4 (24.2) 35 9.5 (2.4, 5 – 12) 59.2 (19.9) 
11#c 81.0 (14.8) 21.7 2 18 9.4 (2.0, 7 – 11) 56.3 (28.0) 17 8.8 (1.5, 7 – 10) 55.9 (19.9) 
12*a 142 (63.4) 7.63 2 16 8.1 (1.0, 7 – 9) 51.0 (32.6) 19 9.5 (0.5, 9 – 10) 28.2 (28.5) 
13#c 96.3 (18.5) 13.0 2 20 10.9 (2.9, 7 – 13) 57.7 (25.5) 19 9.5 (0.5, 9 – 10) 53.4 (25.6) 
14*d 162 (91.5) 77.8 2 23 11.5 (0.5, 11 – 12) 64.2(25.6) 19 10.2 (2.5, 7 – 12) 45.0 (28.1) 
Overall  89.8 (38.7) 18.9 50 381 8.4 (2.8, 3 – 15) 54.3 (25.9) 382 8.5 (2.8, 3 – 17) 56.2 (28.6) 
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SD = Standard deviation. #: Public sector organisation; * Private sector organisation.   
a: Size of organisation by number of employees <1000; b: Size of organisation by number of employees 1000 – 4999; c: Size of organisation by number of 
employees 5000 – 10000; d: Size of organisation by number of employees >10,000.  
^ The denominator for recruitment rates was the number of office workers working ≥30 hours weekly in areas where recruitment occurred reported by each 
organisation. 
N. B. For EET group: Total number of supervised and unsupervised sessions = 36. For EHP group: Total number of sessions (all supervised) = 12.  
Adherence levels defined as percentage of sessions attended of all sessions offered. For EET, this is based on observed attendance at supervised sessions and 
self-report for unsupervised sessions via exercise diary (for 270 EET participants who returned exercise diaries) and predicted attendance at unsupervised sessions 
for participants who did not submit exercise diaries (111 participants).  
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5.4.2 Adherence 
 
Self-reported adherence at unsupervised exercise sessions was recorded in an exercise 
diary of which 270 were returned. For EET participants who did not submit diaries, their 
adherence at unsupervised sessions was predicted based on their adherence at 
supervised sessions and applying the relationship between supervised (recorded by 
physiotherapist) and unsupervised adherence data for those who submitted diaries. 
Adherence (including predicted adherence for those who did not return diaries) at all 
sessions conducted as a percentage of 100 represented adherence. There were no 
between-group differences in adherence (Table 5.2). 
 
5.4.3 Attrition 
 
Post-intervention productivity data was provided by 76.4% of participants (n=583) who had 
higher baseline job satisfaction compared to those who did not provide data. At 12-month 
follow-up, 49.5% of participants provided productivity information (n=378). Of those who 
did not provide the 12-month productivity data, 15.6% had a change of employer (n=60). 
Participants who provided data at 12-month follow-up were older, had more medical 
conditions, and higher baseline job satisfaction compared to those who did not. Multiple 
imputations of missing data were not performed because outcome data was not missing at 
random.  
 
5.4.4 Productivity results for the general population of office workers  
 
Table 5.3 provides unadjusted means of productivity outcomes and modelling results.  
Diagnostic tests did not indicate multicollinearity issues in modeling analysis. 
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Table 5.3 Unadjusted means (standard deviation) of monetised productivity loss, absenteeism, presenteeism in the last 28 days, and 
results of within- and between- groups comparisons by follow-up time-points. 
Outcome Time-
points 
Unadjusted means (SD) Model results # 
EET 
 
EHP 
 
Between-group comparisons 
(Reference = EET) Contrast size 
(95% CI) 
Within-group comparisons 
(Reference = Baseline) Contrast size (95% CI) 
EET EHP 
Monetised productivity loss 
($AUD) 
(Observations = 1,653) 
Baseline $1,393 
($1,029) 
$1,463 
($941) 
-$70 (-228 – 109);  
p=0.431 
 
12 weeks $1,462 
($1,166) 
$1,524 
($1,074) 
-$73 (-256 – 139);  
p=0.482 
$268 (64 – 501); 
p= 0.008 ** 
$282 (70 – 520); 
p=0.007 ** 
12 months $1,464 
($1,318) 
$1,563 
($1,039) 
-$276 (-474 – -42);  
p=0.023* 
$171 (47 – 425); 
p=0.129 
$436 (182 – 731); 
p<0.001** 
Absenteeism (days) 
(Observations = 1,711) 
Baseline 0.6 (1.4) 0.6 (1.2) 0.046 (-0.199 – 0.291);  
p=0.712 
 
12 weeks 0.8 (1.9) 0.8 (2.0) 0.109 (-0.140 – 0.358);  
p=0.392 
0.264 (0.077 – 0.452); 
p=0.006 ** 
0.202 (0.014 – 0.389); 
p=0.035* 
12 months 0.8 (2.0) 0.9 (2.0) -0.203 (-0.487 – 0.081);  
p=0.161 
0.223 (0.004 – 0.443); 
p=0.046 * 
0.472 (0.266 – 0.678); 
p<0.001** 
Presenteeism (0-10 score) 
 
(Observations = 1,702) 
Baseline 2.1 (1.3) 2.3 (1.3) -0.118 (-0.368 – 0.133);  
p=0.356 
 
12 weeks 2.1 (1.2) 2.3 (1.3) -0.147 (-0.479 – 0.184);  
p=0.383 
0.006 (-0.294 – 0.306); 
p=0.970 
0.035 (-0.254 – 0.324); 
p=0.811 
12 months 2.0 (1.2) 2.4 (1.4) -0.563 (-0.973 – 0.154); 
p=0.007* 
-0.208 (-0.561 – 0.145); 
p=0.248 
0.237 (-0.091 – 0.566); 
p=0.156 
Absenteeism for office 
workers 
Baseline 0.6 (0.9) 0.8 (1.0) -0.111 (-0.569 – 0.346);  
p=0.633 
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with neck pain (days) 
 
(Observations = 460) 
12 weeks 1.2 (2.2) 1.0 (2.3) 0.246 (-0.192 – 0.685); p=0.271 0.650 (0.293 – 1.007); 
p<0.001 ** 
0.291 (-0.012 – 0.596); 
p=0.060 
12 months 0.7 (1.0) 1.4 (3.1) -0.696 (-1.237 – 0.155); 
p=0.012* 
0.158 (-0.308 – 0.623) 
p=0.507 
0.742 (0.405 – 1.080); 
p<0.001** 
 
# Models adjusted for baseline levels of dependent variable, age, gender, baseline neck pain (except models for participants with neck pain), intervention-time 
interaction, and intervention adherence. Only coefficients of intervention effects are presented. *Significantly different p<0.05; **Significantly different p<0.01.  
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5.4.4.1 The value of monetised health-related productivity loss (Figure 5.2) 
 
Monetised productivity loss was not different between-groups at baseline and 12 weeks. 
The EET compared to the EHP group had lower monetised productivity loss at 12 months 
of $276 (95% CI=-474 – -42). Monetised productivity loss increased at 12-weeks by $268 
(95%CI=64 – 501) for the EET group and by $281 (95%CI=70 – 520) for the EHP group, 
with respect to baseline. At 12-months, the EHP group demonstrated an increase in 
productivity loss of $436 (95%CI=182 –731), compared to baseline.  
  
 
Figure 5.2 Monetised productivity loss among general office workers by intervention group 
over time
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5.4.4.2 Absenteeism 
 
In this model (Table 5.3), baseline neck pain was positively associated with absenteeism 
(coefficient=0.345; 95% CI=0.130 – 0.561). No between-group differences in absenteeism 
were detected. There were within-group increases of absences at 12 weeks of 0.264 days 
(95% CI=0.077 – 0.452) and 0.202 days (95% CI=0.014 – 0.389), compared to baseline 
for EET and EHP intervention groups, respectively. Similarly at 12 months, both EET and 
EHP groups had increases in absences compared to baseline by 0.223 days (95% 
CI=0.004 – 0.443) and 0.472 days (95% CI=0.266 – 0.678), respectively.  
 
5.4.4.3 Presenteeism  
 
At baseline and 12-weeks, presenteeism levels were not different between-groups. In 
comparison to the EHP group, the EET group reported lower levels of presenteeism at 12-
month follow-up by 0.563 (95% CI=-0.973 – -0.154) (Table 5.3). In addition, there were no 
within-group differences at 12-week and 12-month follow-ups compared to baseline for 
both groups.  
 
5.4.5 Productivity results for office workers with neck pain 
 
For office workers with neck pain, there were no between-group differences at baseline 
and 12 weeks for absenteeism, but EET participants had lower absenteeism at 12 months 
compared to EHP participants by 0.696 days (95% CI=-1.237 – -0.155). There were 
within-group increases in absenteeism at 12-week follow-up for the EET group of 0.650 
days (95% CI=0.293 – 1.007) and at 12-month follow-up for the EHP group of 0.742 days 
(95% CI=0.405 –1.080), relative to baseline. No between- or within-group differences were 
found for presenteeism and monetised productivity loss among participants with neck pain 
at all follow-ups.  
 
5.4.6 Adverse events  
 
Resistance band failure was reported by two participants early in the study, resulting in a 
change from latex resistance bands to tubing from the same manufacturer (Theraband®). 
Musculoskeletal symptoms were reported by two participants. One of these incidents was 
due to the exercise program, and the other, muscle function testing for individualisation of 
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training load. After follow-up with a physiotherapist and subsequent modification of 
exercises until symptom resolution, these participants continued participation without 
issue.   
 
5.5 Discussion  
 
The office workplace ergonomics and neck-specific exercise training demonstrated 
productivity benefits in several ways. The monetised value of productivity loss was lower 
for the EET group compared to their EHP counterparts at 12 months. This was primarily 
driven by lower presenteeism observed in the EET group. Additionally for those with neck 
pain, EET participants had higher levels of absenteeism post-intervention compared to 
baseline, but lower absenteeism at 12 months compared to EHP group participants. 
Hence, worker productivity loss management through a combination of workplace 
ergonomics and neck-specific exercise training for office workers may be a worthwhile 
financial investment. Our hypothesis that a combined workplace ergonomics and neck-
specific exercise training can benefit office worker productivity, a tangible outcome valued 
by employers, when compared to one combining ergonomics and health promotion 
information is supported by these findings.  
 
This study is unique compared to previous related studies. AK Blangsted et al (40) 
reported that a 12-month workplace neck and shoulder resistance exercise training for 
office workers did not benefit absenteeism and work ability post-intervention and BJ 
Justesen et al (42) found that a one-year workplace individualised physical exercise 
training of adequate adherence combined with sufficient leisure time physical activity 
improved absenteeism and presenteeism. The key differences between these studies and 
this present study are the duration and nature of the intervention. This study implemented 
a shorter intervention of 12 weeks, with continuance of the regime facilitated through 
distribution of equipment for independent activity. Secondly, both post-intervention and 
longer-term impact from the interventions was investigated as the study’s secondary 
objective. This is in contrast with related studies that focused on evaluating immediate 
impacts (40, 42). Considering the recommended ten-week minimum for effective 
workplace exercise interventions for neck, shoulder, and low back pain (201), a 12-week 
program is likely to be viewed as more cost-effective than a 12-month intervention by an 
employer. The last and potentially most significant difference is the innovative combination 
of workplace ergonomics and neck-specific exercise training in this study. This echoes the 
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recommendation of MJ Pereira et al (55) that workplace interventions for worker 
productivity augmentation need to be multidimensional involving exercise and other 
components, for example workplace ergonomics as in this study. 
 
There were some unexpected findings arising from this study Firstly, positive between-
groups results were only demonstrated at 12-months, but not at 12-weeks. This is possibly 
because of the HPQ’s 28-day recall measuring productivity levels whilst the intervention 
was still on-going, resulting in the reporting of productivity levels post-intervention not 
reflecting the maximum benefit of the EET. Secondly, the general population of office 
workers had higher levels of absenteeism at 12-weeks when compared to baseline 
regardless of intervention group. This result may be a reflection of confounding factors that 
were not accounted for. For example, unmeasured socioeconomic differences (202) and 
the impact of seasonal variation as intervention delivery scheduling coincided with the flu 
season in Australia. Additionally, for those with neck pain, the EET intervention was 
associated with an intermediate worsening of absenteeism levels (0.650 days compared to 
baseline). This negative result did not persist at 12 months for those with neck pain in the 
EET group. There is a paucity of available evidence regarding the impact on absenteeism 
from such workplace programs, hence more studies are needed to elucidate the causal 
pathways linking similar interventions and worker absenteeism to shed light on this finding. 
Although, the positive influence on presenteeism from the EET intervention in the general 
population of office workers can potentially offset this result as the cost of absenteeism is a 
minor component of productivity loss in office workers, when compared to presenteeism 
(147). Nevertheless, our hypothesis was partially supported in that EET decreases 
absenteeism in the longer-term for office workers with neck pain compared to the EHP 
group.  
 
5.5.1 Strengths  
 
This study had several strengths in its design, implementation, analysis, and 
generalisability. A key design strength was that it was powered using productivity 
measures that are important interests for the employer as primary outcomes. This 
contrasts with several previously published studies (40, 94) which may explain the positive 
findings found. Using an employer’s perspective is essential to ensure direct relevance to 
a crucial stakeholder of such workplace interventions. Additionally, the use of the HPQ to 
estimate productivity levels enabled both absenteeism and presenteeism to be estimated. 
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Previous studies have used single-item question (41, 94) or measures designed for 
symptomatic populations (89, 90) which may explain why they failed to show productivity 
benefit.  
 
The EET intervention implemented was designed for the office worker population, based 
on best available evidence for the prevention and treatment of neck pain at the workplace 
(34, 110, 193), addressed the physical requirements of office work and was matched to 
the individual’s capabilities (99). Also, the interventions delivered in this study are effective, 
feasible and sustainable, and have potential for immediate application in industry, which 
should encourage employers to implement similar programs. Lastly, results obtained were 
based on individually obtained data from public and private enterprises and derived from 
analysis of individual results accounting for the clustering of participants and intervention 
adherence, as opposed to aggregated clustered data.  
 
The results from this study may be generalisable to office workers with and without neck 
pain in other settings due to the following reasons. First, companies enrolled ranged in 
manpower size from less than 1,000 to over 10,000 employees, and were from both the 
private and public industry sectors. Second, the trial was presented as a general health 
improvement initiative to prevent participant response bias favouring those with specific 
health conditions. Third, asymptomatic participants were considered in this study. Fourth, 
data about mean age, gender distribution and prevalence of neck pain in the last week 
obtained in this study were comparable to figures from another study of 934 complete 
survey responses from 8,000 public service employees in office-based work throughout 
public service in Australia (5).  
 
5.5.2 Limitations 
 
There are some study limitations. Notably, the follow-up rate at 12-months of 49.5%, and 
adherence levels of the interventions (EET: 54.3% and EHP: 56.2%) were lower than 
expected, and the usage of predicted adherence due to incomplete return of diaries by 
participants. These are important limitations, however, information related to attrition and 
statistical adjustments performed due to these issues were provided to minimise bias. 
Importantly, attrition bias was not found as attrition rates were similar between groups, 
which may have caused the results to be less favourable. It is also possible, that differing 
participation motivation contributed to results but this was not assessed. However, this is a 
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limitation that all research studies in various settings will experience. Secondly, quantifying 
the monetary value of productivity loss using the full weight of self-reported days not 
worked or with poorer performance as was done in this study, follows a human capital 
approach (203). This can be an overestimation compared to the friction cost approach 
which accounts for employee replacement (204). As the recall period of the HPQ is 28 
days, this overestimation is likely to be small, because it would be unexpected for many of 
the employees with substantial levels of health-related productivity loss to be replaced 
during such a short timeframe. Thirdly, the usage of the employer’s perspective does not 
account for participants making up for missed work days with overtime on other days, 
which could have potentially biased absenteeism findings to higher levels. Another study 
limitation concerns the presenteeism measure used.The presenteeism section of the HPQ 
is not health-specific, is a general view of reduced at-work performance, and not sensitive 
in the detection of differing health states (19). This means that the results obtained may 
potentially overestimate actual presenteeism (190). Nevertheless, as the results were 
based on repeated measures from the same individual, this potential bias is minimised. 
Finally, the findings from this study are derived from self-reported measures. However, the 
office worker population with a heterogeneous mix of job positions with varying cognitive 
work demands does not have validated objective measures of worker productivity. Thus, 
despite self-rated measures oftentimes being disputed for accuracy, the choice of the HPQ 
was fitting due to considerations discussed earlier.  
 
5.5.3 Direction for future research  
 
A direction for future research would be to verify the actual economic value of the 
combined workplace ergonomics and neck-specific exercise training in settings where 
office workers do not routinely receive workplace ergonomics support, meaning the 
comparator is ‘usual practice’ in that setting. Thus, future studies should have a true 
control rather than an active comparator like the EHP tested in this study. Moreover, the 
additive value of the neck-specific exercise training should be evaluated in future, by 
comparing the neck-specific exercise training to best practice ergonomic standards at 
other workplaces in Australia. These suggestions can provide clarity on the actual benefit 
of the combined workplace ergonomics and neck-specific exercise training and the exact 
impact from the exercise component. 
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5.6 Conclusion 
 
This study provides evidence of possible productivity benefits in a general population of 
office workers and those with neck pain from a combination workplace intervention of 
ergonomics and neck-specific exercise training when compared to a combination of 
ergonomics and health promotion information in the study context. Hence, employers of 
office workers in Australia can implement a similar exercise intervention to potentially 
improve the employee productivity, whereas employers in other jurisdictions may need to 
implement the combined workplace ergonomics and neck-specific exercise training to 
achieve similar results.  
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Chapter 6 An economic evaluation of a cluster-randomised trial 
of workplace ergonomics and neck-specific exercise 
versus ergonomics and health promotion for office 
workers.  
 
6.1 Chapter background  
 
Chapter 5 showed that a combined workplace ergonomics and neck-specific exercise 
intervention was more beneficial for health-related productivity levels in office workers 
compared to ergonomics and health promotion information. In Chapter 6, a cost-
effectiveness study was carried out to determine which of the two interventions was the 
more cost-effective. Economic information regarding workplace-based health programs is 
increasingly being sought by various stakeholders like clinicians, policy makers, and 
employers. To date, there has not been any economic evaluation of a similar combination 
approach in the office worker population. Employers of office workers would rely heavily on 
these types of financial analyses to fund operational decisions like workplace health 
initiatives. The study in Chapter 6 addresses this evidence gap. A modified manuscript 
based on Chapter 6 in this thesis is in preparation for submission to a peer-reviewed 
journal – Scandinavian Journal of Work, Environment & Health.  
 
6.2 Publication introduction  
 
Worker health-related productivity is a major financial concern to employers (16). Worker 
health management is an integral part of the business strategy for organisational 
performance optimization through augmenting worker health-related productivity (174-
176). Superior corporate performance in the financial markets has been associated with a 
track record of investment in worker health and safety (205). Worker health benefits from 
workplace physical activity programs have been demonstrated (72). However, the 
challenge that employers face in ensuring business viability is to minimise operational 
costs, including workplace employee health initiatives (49). Employers have to weigh up 
the costs to the organisation against potential worker health and economic benefits in their 
decision-making processes concerning implementation of such programs. Hence, 
economic evaluations of high quality trials of workplace health programs that can guide 
decision-making are scarce, and are therefore critically needed (55, 82).  
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Office workers have substantial levels of health-related productivity reductions and high 
prevalence of neck pain (113, 147, 206). Employers may view health-related productivity 
reductions in this population to be a fitting target for workplace health initiatives due to 
their ubiquity in the workforce. A cluster-randomised trial compared the impact of two 
combined workplace interventions on health-related productivity and physical health 
outcomes in office workers (54). In this trial, EET was compared to EHP. It was intended 
for the workplace ergonomics component of both interventions to address discrepancies 
between job tasks and function of an office worker. Similarly, the exercise component was 
designed to improve an individual office worker’s neck and shoulder function; and the 
health promotion information component was meant to optimise the general health-related 
aspects of the office worker.   
 
Importantly, these two intervention combinations are novel and have not been evaluated in 
this population or setting previously. In prior analysis that concentrated on neck-specific 
outcomes of office workers, the EET and EHP interventions were found to be similarly 
effective in improving pain and disability (207). Additionally, another economics-focused 
analysis in Chapter 5 found that the EET intervention had benefited monetised health-
related productivity and presenteeism for a general population of office workers, and 
sickness absenteeism for office workers with neck pain for up to 12 months (208). Hence, 
the aim of this paper was to report on an economic evaluation to measure the incremental 
costs and incremental worker health benefits of the EET intervention compared to the EHP 
intervention using a cost-utility analysis (CUA) from an employer’s perspective. The EET 
intervention was hypothesised to be more cost-effective than the EHP intervention. 
Findings from this study have the potential to influence employers of office workers and 
health policy makers in decision-making for implementation of, and funding for, similar 
workplace health interventions.  
 
6.3 Methods  
 
6.3.1 Design  
 
A within trial cost-utility analysis was performed using data from a prospective one-year 
parallel two-armed balanced cluster-randomised trial described in Chapter 3 
(ACTRN#12612001154897). A comprehensive description of the cluster-randomised trial 
methodology including recruitment, participant eligibility criteria, randomisation process, 
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and information regarding the interventions has been included earlier in Chapter 3 and 
published elsewhere (54). The Consolidated Health Economic Evaluation Reporting 
Standards (CHEERS) statement guided the reporting in this paper (209). The trial was 
conducted in workplace settings, within organisations from both private and non-private 
sectors in Brisbane, Australia. The employer perspective was taken for this economic 
evaluation.  
 
6.3.2 Main measures  
 
6.3.2.1 Health-related quality of life and quality adjusted life years (QALYs) 
 
The Assessment of Quality of Life (AQoL-6D) instrument was included in an online survey 
that was administered to participants at baseline, post-intervention (12 weeks) and 12 
months (210, 211). The AQoL-6D is a multi-attribute utility instrument that measures 
change in health-related quality of life. The AQoL-6D instrument was chosen as it covers 
relevant domains for the intervention and has utility weights derived from an Australian 
population sample. The area under the health utility curve was calculated using health 
utility scores collected from participants at baseline, immediately post-intervention at 12 
weeks, and at 12 months after commencement of interventions. This was used to estimate 
Quality Adjusted Life Years (QALYs) gained during the study period, which was the main 
health benefit measured in this study. QALYs are a measure that considers the quality of 
life during a time period and the quantity of that time duration.  
 
6.3.2.2 Costs  
 
Costs incurred from interventions were tabulated from an employers’ perspective. 
Intervention activities that incurred costs from an employer’s perspective spanned three 
calendar years. The latest year these activities took place was 2015. All costs incurred 
prior to this were adjusted to 2015 levels using consumer price indices published by the 
Australia Bureau of Statistics (212). Reporting was performed using 2015 Australian 
dollars.  
 
Costs were incurred from delivering the ergonomics management, exercise training, and 
health promotion information talks to participants. The project manager recorded costs 
arising from the purchase of ergonomic equipment prescribed to participants during the 
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ergonomic intervention. When equipment was obtained without the purchase of new 
equipment, the cost was estimated using the value of new equipment costs. This was the 
same for equipment modification that was required. Equipment costs were not amortised 
because the equipment required were mostly small office workstation items and of 
relatively low cost (less than one thousand dollars) and did not have scrap value for an 
equivalent annual cost to be calculated. Other cost components included health 
professional time for delivering interventions, exercise equipment (resistance bands, 
weights, weight racks), food items used during health promotion information talks, and 
printing of materials issued to participants.  
 
Employee participation in the intervention during work hours was computed based on 
income level provided in the baseline online survey. Wage costs for participation were 
computed based on the assumption that participants attended all sessions that were part 
of the intervention they were allocated to at their workplace as per an intention-to-treat 
(ITT) analysis.  
 
6.3.3 Other measurements 
 
Gender, age, medical information, occupational category, and job satisfaction levels were 
collected in the participant online survey at baseline.  
 
6.3.4 Time horizon and discounting  
 
Health outcomes were tracked for one year. Costs were tracked for the duration of the 
interventions. Discounting was not required. 
 
6.3.5 Statistical analysis 
 
All statistical analyses were conducted with Stata version 14 (Stata Corporation, College 
Station, TX). QALYs gained from both interventions during the study period were 
estimated. Missing QALY information was managed with multiple imputations using a 
multivariate normal distribution with the cluster design of the trial factored in the imputation 
model. Predictors of QALYs gained like intervention group, age, gender, number of 
medical conditions and baseline health utility, and auxiliary variables (medical conditions 
and job satisfaction) that predicted QALY data being missing were additionally included in 
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the imputation model.  
 
The cost-effectiveness or the mean incremental cost and incremental QALYs gain 
associated with the EET intervention when compared to the EHP intervention was 
determined using seemingly unrelated regressions (SUR) with robust standard errors. The 
SUR with robust standard errors is a multivariate regression technique that can account for 
the potential correlation between costs and QALYs gained, and for the clustering that was 
implemented in this trial when the number of clusters is sufficiently large (213). The 
regressions for costs and QALYs gained through the EET or EHP interventions were run 
simultaneously. The intervention group was treated as an explanatory variable. An 
unadjusted SUR model was first performed. Subsequently, an adjusted SUR model was 
performed. In the adjusted models, costs were adjusted for findings from individualised 
ergonomic assessments as a potential cost modifier and QALYs gained were adjusted for 
age, gender, medical conditions, and baseline utility levels as potential confounders, and 
intervention adherence levels as an effect modifier (214). In total, four models comprising 
unadjusted and adjusted costs and QALYs, as well as observed and imputed QALYs were 
run. The adjusted complete case analysis using QALYs gained derived from observed 
health utility data was treated as the base case analysis.  
 
Model coefficients of incremental costs and incremental QALYs gained were used to 
compute Incremental Cost-Effective Ratios (ICERs) for the EET intervention in comparison 
to the EHP intervention. Four confidence interval (CI) boxes were constructed using upper 
and lower bound estimates of the 95%CI of incremental costs and incremental QALYs for 
EET compared to EHP intervention generated from the previously mentioned models. High 
and low cost-effectiveness ratio estimates were obtained using different combinations of 
upper and lower bound point estimates of the 95% CI of incremental costs and 
incremental QALYs gained (lower bound of incremental costs and lower bound of 
incremental QALYs, upper bound of incremental costs and upper bound of incremental 
QALYs, lower bound of incremental costs and upper bound of incremental QALYs, upper 
bound of incremental costs and lower bound of incremental QALYs). 
 
6.4 Results  
 
Information regarding the organisations and participants enrolled in the cluster-randomised 
trial and details of their participation have been reported earlier in Chapter 5. Likewise, the 
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sequence of events of the trial and participant flow, and baseline characteristics of the 
participants have also been reported earlier in Chapter 5.  
 
6.4.1 Costs  
 
The mean costs were higher for the EET intervention than for the EHP intervention ($841 
SD 321 and $752 SD $386 respectively, p-value <0.001). Table 6.1 lists an itemised 
breakdown of costs incurred from an employer’s perspective by intervention groups.  
 
 87 
Table 6.1 Itemised list of costs per participant by intervention group. 
Cost items EET intervention  
(n = 381) 
EHP intervention 
(n = 382)  
Ergonomic component   
Equipment or modifications prescribed (Mean, SD) $61 (156.8) $58 (145.3) 
Employee wages (Mean, SD) $43 (20.8) $44 (16.1) 
Health professional time (Fixed rate) $57 $57 
Neck-specific exercise or  
health promotion information component 
  
Equipment or materials (Fixed rate) $37 14.99 
Employee wages (Mean, SD) $562 (269.7) $556 (209.1) 
Health professional time for preparation (Fixed rate) $57 $12 
Health professional time for delivery (Fixed rate) $66 $53 
Total (Mean, SD)*  $841 (320.7) $752 (385.6) 
* Significantly different between interventions (p<0.01) 
 
6.4.2 Health utilities and QALYs 
 
Table 6.2 shows a summary of health utility and information of completeness associated 
with the EET and EHP interventions over the course of the trial. Both groups had the 
lowest mean utility levels at baseline, with improvements post-intervention reducing at 12-
month follow-up. Baseline utility data was available for 96.3% of EET participants, and 
97.6% of EHP participants. At 12-week follow-up, 73.8% of EET participants and 79.8% of 
EHP participants provided utility data. These participants had higher baseline job 
satisfaction compared to those who did not provide health utility data. At 12-month follow-
up, 45.7% of EET participants and 53.9% of EHP provided utility information. Participants 
who provided utility data at 12-month follow-up were older, had more medical conditions, 
and higher baseline job satisfaction compared to those who did not. The unadjusted 
QALYs gained per participant from the EET intervention were 0.86 (SD 0.12), and 0.83 
(SD 0.13) from the EHP intervention.  
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Table 6.2 Number and proportion of participants who provided health utility data (means 
and SD), by intervention group over time. 
Follow-up EET (n=381) EHP (n=382) 
n (proportion) Health utility n (proportion) Health utility 
Baseline 367 (96.3%)  0.839 (0.12) 373 (97.6%) 0.819 (0.13) 
12 weeks 281 (73.8%) 0.862 (0.13) 305 (79.8%) 0.829 (0.14) 
12 months 174 (45.7%) 0.852 (0.14) 206 (53.9%) 0.822 (0.15) 
 
6.4.3 Cost-effectiveness results  
 
6.4.3.1 Main results 
 
Table 6.3 shows the results of SUR models. All models indicated that the EET intervention 
was approximately 11 – 12% more costly than the EHP intervention per participant (point 
estimates range: $85 – $90, p-values <0.001 – 0.013). The EET intervention was 
associated with 0.030 more QALYs in the unadjusted model using imputed QALYs (p-
value<0.001). As the EET intervention was associated with higher costs and higher health 
benefits, it cannot be said to be the dominant treatment option, which requires the 
intervention to be less costly and deliver better results than the comparator. ICERs 
obtained ranged from $3,103 – $7,727 per QALY (Table 6.3).  
 
Table 6.3 Results of Seemingly Unrelated Regression models for incremental costs (95% 
CI), incremental health benefits (95% CI) and incremental cost-effective ratios (ICERs) 
associated with EET intervention.  
 
 Incremental costs Incremental QALYs ICERs 
Observed QALYs 
Unadjusted model $90 (20, 159) ** 0.029 (0.004, 0.054)* $3,103 
Adjusted model #  $85 (18, 153)* 0.012 (-0.010, 0.033)  $7,083 
Imputed QALYs 
Unadjusted model $90 (48, 131)** 0.030 (0.009, 0.050)** $7,727 
Adjusted model # $85 (42, 128)** 0.011 (-0.005, 0.028) $3,103 
# Adjustments made for ergonomic scores for costs and age, gender, medical conditions, baseline 
utility and intervention adherence for QALYs 
** Significant at p<0.01 level 
* Significant at p<0.05 level 
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6.4.3.2 Uncertainty analysis  
 
CI boxes of high and low cost-effectiveness estimates of the EET compared to EHP 
intervention are shown in Figure 6.1a – 6.1d. Most of the areas of these CI boxes lay 
below the cost-effectiveness threshold of $45,000 per QALY gained (figure 6.1a – 6.1d: 
ICER slope). However, some areas of these CI boxes were in the quadrant where the EET 
intervention was dominated or more costly and less effective than EHP. Two of these CI 
boxes were wholly located in the northeast quadrant and below the cost-effectiveness 
threshold. The other two CI boxes spanned across the y-axis and ICER slope but were 
positioned completely above the x-axis. This reiterates the results of the SURs that the 
differences in QALYs gained were not significant but the difference in costs was significant 
in two of the SUR cost-effectiveness models. There is some uncertainty regarding the 
cost-effectiveness of the EET intervention, and this uncertainty surrounds the 
effectiveness estimates of the EET intervention.   
 
 
Figure 6.1a ICER graph of confidence interval boxes from uncertainty analysis – 
Unadjusted model 
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Figure 6.1b ICER graph of confidence interval boxes from uncertainty analysis – Adjusted 
model 
 
 
Figure 6.1c ICER graph of confidence interval boxes from uncertainty analysis – 
Unadjusted model (with imputed QALYs) 
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Figure 6.1d ICER graph of confidence interval boxes from uncertainty analysis – Adjusted 
model (with imputed QALYs) 
 
6.5 Discussion 
 
This economic evaluation demonstrates that an office workplace ergonomics and neck-
specific exercise training intervention might potentially be cost-effective for improving 
health outcomes for office workers from an employer’s perspective. Although there was 
some uncertainty surrounding the cost-effectiveness of implementing the  
EET intervention compared to the EHP intervention, this uncertainty concerned the 
effectiveness of the intervention. While the differential QALYs gained between the 
intervention groups was minor, the incremental costs associated with the EET intervention 
can be considered to be markedly low when compared to many other health interventions. 
The incremental costs was driven by the higher costs observed in the equipment or 
material costs, and health professional time needed for the neck-specific exercise 
component of the EET intervention. These cost components can potentially be optimised 
further using strategies to achieve economies of scale. Importantly, most of the ICERs 
obtained in this study were considerably less than the implicit cost-effectiveness threshold 
of approximately $45,000 per QALY used by health policy decision makers for government 
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funded subsidy in Australia (215). However, it should be noted that this threshold is both 
arbitrary in nature and has no financial or legal bearing on employers. In spite of these 
considerations, employers of office workers should find these results to be useful for 
decision support against limited financial resources because of the myriad of workplace 
health interventions without economical evaluations (216).  
 
Evidence concerning the economic efficiency of workplace health interventions has 
previously been synthesised (217, 218). In addition, the evidence regarding workplace 
health interventions for office workers was recently updated (38). Overall, evidence about 
the economic efficiency of workplace interventions for office workers targeting neck pain 
remains scarce. From these reviews, two moderate quality and two high quality studies 
were identified as applicable for a population of office workers and had performed an 
economic evaluation (219-222). The most recent study compared the economic efficiency 
of two workplace interventions (workstyle versus workstyle and behavioral change 
regarding physical activity engagement) amongst symptomatic office workers using a cost-
effectiveness analysis (CEA) (222). Extrapolating results from a CEA to different forms of 
effectiveness measures used in other studies can be challenging. The other three studies 
investigated several types of ergonomic interventions and conducted a cost-benefit 
analysis (CBA). When a CBA is conducted, the measurement and analysis of intervention 
costs, and the economic value of direct and tangible health benefits associated with the 
intervention are emphasised. This can lead to indirect gains like health-related quality of 
life benefits from the intervention to be unaccounted for.  
 
CUAs use QALYs as the metric of effectiveness, with QALYs factoring quality of life, 
including the multiple functional domains impacted by health. In the economic evaluation 
undertaken in this study, a holistic approach was adopted in measuring the health benefits 
associated with the EET and EHP interventions. Another advantage of CUAs is that they 
allow the economic efficiency of different health interventions targeting different health 
conditions to be compared across different settings and population groups. Thus, the 
strength of a CUA is generalisability and comparability across studies. Unfortunately, cost-
utility studies of workplace health interventions from an employer’s perspective are rare 
(18). This is the first study of its kind where an economic evaluation of workplace 
interventions for office workers using a CUA has been performed.  
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6.5.1 Strengths  
 
This study had several strengths. Importantly, missing utility values were managed. 
Missing data is a common problem in economic evaluations within primary trials, and can 
lead to misleading results (223). Hence, efforts to impute missing values were made 
through multiple imputations. Secondly, study results were comprehensively reported. This 
includes observed and imputed QALY data, cost-effectiveness results from both 
unadjusted and adjusted analysis with clear descriptions of adjustments that were made to 
account for variations between groups with different characteristics. Lastly, the 
methodology of the statistical analysis performed in this study was robust. The analysis 
undertaken accounted for the correlations between costs and effects that is not commonly 
done, and also the clustering feature that is a feasible implementation approach for these 
office workplace interventions studied. These accommodations were necessary due to the 
study design and meant that the conclusions of the study were based on a sound 
statistical approach.  
 
6.5.2 Limitations 
 
The limitations of this study must be acknowledged. Firstly, only the perspective of the 
employer was considered. This may be thought to be a limited perspective, with a societal 
perspective considered to be more holistic. An example of costs incurred from a societal 
perspective would include costs incurred by participants to participate in the interventions. 
Similarly, a societal perspective would also need to account for a broader account of 
possible benefits, beyond employee health-related quality of life. It is recognised that cost-
effectiveness results may be impacted if another perspective, like a societal perspective, 
was taken. In addition, an important effect of the interventions would be health-related 
productivity levels of the participants. However, health-related productivity changes 
associated with the interventions were not included in this economic evaluation, as they 
have been reported previously in Chapter 5 (208), and these measures overlap with 
health-related quality of life to some extent (224). Thus, this was done to avoid double 
counting (225).  
 
6.6 Conclusion 
 
This study provides evidence that a combination intervention of workplace ergonomics and 
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neck-specific exercise for office workers might be cost-effective compared to workplace 
ergonomics and health promotion information in some scenarios considered in the 
uncertainty analysis using a cost-effective threshold of $45,000 per QALY. Hence, 
employers should select the combination of workplace ergonomics with neck-specific 
exercise over the combination with health promotion information when choosing between 
these two combination workplace interventions. The findings from this study support the 
decision-making processes of employers when selecting occupational health programs to 
implement for their office worker employees. Health policy makers can potentially be 
encouraged by the economic merit of such workplace health interventions and explore 
their funding mechanisms to encourage more employers of office workers to implement 
similar workplace health interventions for their employees. 
 
6.6.1 Future direction 
 
More high quality evidence regarding the economic impact of workplace health 
interventions for office workers is urgently needed. These studies need to consider 
economic evaluations using different perspectives and explore evaluation approaches that 
encompass direct and indirect potential benefits arising from workplace health 
interventions holistically.  
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Chapter 7 Discussion  
 
7.1 Summary 
 
The overall objective of this thesis was to explore the economic impact from the 
employer’s perspective of two workplace health interventions through reducing worker 
health-related productivity loss. This thesis comprises a diverse range of quantitative study 
designs. The first section of the thesis (Chapter 2) was based on a systematic review of 
the literature with quality assessment. The subsequent section was based on a cluster-
randomised trial of 763 office workers (Chapters 3 – 6). The second section consists of a 
reliability study, a cross-sectional study, a cluster-randomised trial and a cost-effectiveness 
analysis.  
 
A systematic review of eight high and moderate quality RCTs revealed that worker health-
related productivity loss can be impacted by workplace health-enhancing physical activity 
interventions (Chapter 2). This finding supported the testing of workplace based health 
enhancing initiatives in a clinical trial. Chapter 3 documents the protocol used for the 
cluster-randomised trial. This chapter includes an inter-rater reliability study of an 
observation-based ergonomics assessment for office workers, which was used in the trial. 
Using baseline data from the cluster-randomised trial, the associations of self-reported 
health-related productivity with individual and work-related factors among office workers 
were described in Chapter 4. The efficacy and cost-effectiveness results from the 
combined workplace interventions (ergonomics plus exercise training or health promotion 
information) on health-related productivity loss and health-related quality of life amongst 
office workers was evaluated in Chapters 5 and 6, respectively.  
 
This final Chapter 7 summarises results from preceding chapters, discusses the 
implications of the findings, the significance of the research and future directions. 
 
7.2 Aims, key findings and implications from main chapters  
 
The main aims stated and hypotheses posed in the thesis from Chapter 1 are revisited, 
and findings and implications from the main chapters in this thesis are summarised in this 
section.  
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7.2.1 Chapter 2 
 
The aim of Chapter 2 was to systematically appraise the available evidence for the impact 
of workplace physical activity on worker health-related productivity. This study 
concentrated on the employer’s perspective. Consistent evidence of no benefit for 
sickness absenteeism and inconsistent evidence of self-reported worker productivity 
improvement from workplace physical activity programs was found. This finding does not 
allow the confirmation of the initial hypothesis from Chapter 1 that workplace physical 
activity programs have a positive impact on worker productivity. This systematic review 
highlighted methodological limitations concerning the measurement of health-related 
productivity and participant population selection.  
 
Amongst the included studies, no gold standard of measuring health-related productivity 
was identified. Researchers use a number of measures validated in a symptomatic or 
patient population, or a single-item question without consistency – both methods not ideal 
for use in the workplace with healthy participants. An additional issue concerning the 
measurement of health-related productivity was that the majority of studies included were 
not designed with health-related productivity as the primary outcome thus limiting the 
generalisability of findings. Regarding participant population selection, most studies 
included all workers rather than focusing on workers who could potentially benefit from the 
programs under evaluation.  
 
As a result of this systematic review, several recommendations were made for future 
workplace health interventions involving physical activity. Firstly, valid measurement tools 
for a mostly healthy working population should be used to comprehensively measure 
worker health-related productivity. Secondly, participants enrolled for interventions 
targeting worker health-related productivity, should be individual workers whose health-
related productivity require intervention or susceptible worker groups that can potentially 
benefit from the intervention. These participants should include individual workers with 
high health-related productivity loss or occupational groups susceptible to worker health-
related productivity loss. The latter group includes workers with extreme levels of physical 
activity (sedentary or highly physically active), or worker groups with or at risk of health 
conditions associated with reduced health-related productivity. Another recommendation 
from this systematic review was the need to account for and measure attendance to any 
workplace interventions, as adequate attendance is necessary to ensure expected 
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outcomes. 
 
Due to the diversity of physical activity interventions reviewed, specific conclusions related 
to the components of the workplace physical activity interventions could not be made. 
However, it was concluded that a multidimensional intervention that incorporates work-
related or individual cognitive change with sufficient intensity and attendance may be more 
successful at improving worker health-related productivity. 
 
These recommendations support the inclusion of the HPQ to measure health-related 
productivity, with productivity designated as the primary outcome, and implementing a 
combination workplace ergonomics and neck-specific exercise or ergonomics and health 
promotion information intervention for office workers in this thesis. While the study design 
and choice of intervention were informed by the available literature, the findings of Chapter 
2 provided further justification. Certain methodological considerations from this chapter 
informed elements of the statistical analysis in Chapters 5 and 6. Although the working 
population studied in this thesis was at-risk of high levels of health-related productivity loss 
due to sedentary work patterns and high prevalence of neck pain, individuals with high 
levels of health-related productivity loss were not specifically selected a-priori. Thus, the 
statistical analysis in Chapters 5 and 6 were adjusted for baseline productivity. A similar 
statistical approach was used to account for attendance levels in these chapters.   
 
7.2.2 Chapter 3 
 
Chapter 3 outlines the methodology of the cluster-randomised trial conducted in this 
thesis. It was necessary to confirm the inter-rater reliability study of an observation-based 
ergonomic assessment checklist for office workers prior to conducting the full-scale trial. 
This checklist allows employers to identify and address potential risk factors for work-
related injury, thus providing a safe working environment for office workers under their 
employment. This reliability study is embedded in Chapter 3 with the checklist found to 
have mostly moderate to good reliability. The results confirm the hypothesis from Chapter 
1 pertaining to this study, that this observation-based ergonomic checklist for office 
workers is reliable between trained practitioners.  
 
The implication of the study reported in Chapter 3 is that the ergonomics component 
delivered in the combination workplace interventions of the cluster-randomised trial was an 
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individualised prescription based on a reliable assessment that fulfilled government 
guidelines. This is reassuring for the outcomes of the trial due to the number of 
assessments conducted. This is also reassuring for industry as the checklist was 
developed using government guidelines and current empirical evidence, and high rates of 
fulfillment of the checklist requirements were found for the workstations of office workers 
participating in the trial.  
 
7.2.3 Chapter 4 
 
The aim of Chapter 4 was to identify individual and work-related factors associated with 
health-related productivity loss in office workers using a cross-sectional study. In this 
exploratory study, the monetised value of health-related productivity loss in office workers 
was estimated to be approximately $AUD1,520 annually per worker from an employer’s 
perspective. Another notable finding was that the contribution of sickness presenteeism to 
this monetary burden of health-related productivity loss amongst office workers 
substantially outweighed sickness absenteeism by 5.95 times. It was found that a 
combination of individual and work-related factors was associated with health-related 
productivity loss in office workers, confirming the hypothesis from Chapter 1 that was 
tested in this study. Indeed, office workers who reported the presence of musculoskeletal 
pain in the preceding week, higher levels of psychological distress, lower levels of job 
satisfaction, and in managerial positions had higher monetary levels of self-reported 
health-related productivity loss.  
 
The findings in Chapter 4 reinforce the complexities of measuring, and the factors 
impacting worker health-related productivity. Measuring worker health-related productivity 
loss requires a method that comprehensively accounts for both sickness absenteeism and 
sickness presenteeism. Due to the sizable influence of sickness presenteeism on worker 
health-related productivity, consideration of sickness presenteeism is critical when 
evaluating the impact and cost-effectiveness of workplace interventions. Importantly, as 
worker health-related productivity loss encompasses both individual and work-related 
factors, workplace health interventions should similarly need to address these two 
domains for optimal results. Indeed, these characteristics were featured in the design of 
the cluster-randomised trial and supported by the findings from this cross-sectional study.  
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7.2.4 Chapter 5 
 
Chapter 5 aimed to compare the efficacy of two combined workplace interventions for 
health-related productivity loss in office workers. The cluster-randomised trial compared 
the effects of a 12-week workplace ergonomics and neck-specific exercise versus 
ergonomics and health promotion information interventions amongst office workers. This 
1-year prospective study compared health-related productivity outcomes at 12-weeks post-
intervention and 12-months for 763 office workers with and without neck pain at baseline.  
 
The following worker health-related productivity results were found for the general 
population of office workers of 763 participants. Importantly for employers, the monetised 
value of health-related productivity loss was lower for EET participants at 12 months (but 
not different at 12-weeks), compared to EHP participants. Another finding important to 
employers was that EHP participants had higher levels of monetised health-related 
productivity loss with respect to baseline at 12-months, despite increases in this value 
relative to baseline at 12-weeks for both groups. Similarly, sickness presenteeism was 
lower for EET participants at 12-months compared to those in the EHP intervention, 
without between-group differences at post-intervention and within-group differences at 
both follow-ups detected. Unexpectedly, sickness absenteeism was increased post-
intervention and at 12-months for both arms of the trial compared to baseline, without 
between-group differences found at both follow-up points.  
 
For the 200 office workers with neck pain, sickness absenteeism increased post-
intervention compared to baseline for participants in the EET arm of the study, but they 
had lower sickness absenteeism at 12 months compared to those attending the EHP 
intervention. No other significant results were found for productivity indices of sickness 
presenteeism and monetised health-related productivity loss for office workers with neck 
pain. 
 
The main conclusion from this study is that a combination workplace intervention of 
ergonomics and neck-specific exercise training benefits sickness presenteeism and 
health-related productivity loss among a general population of office workers and sickness 
absenteeism for office workers with neck pain in the long-term, when compared to 
workplace ergonomics and health promotion information combined.  
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These findings suggest that this 12-week combined workplace ergonomics and neck-
specific intervention for office workers achieved positive health-related productivity results 
and is more effective than the health promotion information intervention. This confirms the 
hypothesis related to this study stated in Chapter 1. The following factors contributed to 
the success of this trial.   
 
Firstly, an at-risk occupational group was selected for investigation in this cluster-
randomised trial as recommended in Chapter 2. Office workers were chosen due to the 
known high prevalence of musculoskeletal pain, specifically neck pain. In addition, office 
workers are at higher risk of health conditions linked with prolonged sedentary behaviour, 
due to the nature of their work. These are both plausible grounds for potential health-
related productivity loss amenable to intervention. Hence, participant selection was 
appropriate.  
 
Secondly, individual and work-related factors were considered in this cluster-randomised 
trial. Individual and work-related factors with possible contributions to health-related 
productivity reductions were potentially ameliorated through the combined workplace 
intervention. Addressing mismatches between workplace ergonomics and job tasks with 
individual physical function was the postulated mechanism. It was intended that the 
ergonomics component addressed issues related to workplace ergonomics and job tasks. 
Likewise, the exercise component in the combination intervention was designed to 
improve the individual’s physical function of the neck and shoulder region, the 
musculoskeletal region most at risk during office work. Matching individualised intervention 
components with identified needs of the worker through this novel multi-component 
combination is likely to be the key driver behind the positive results of the cluster-
randomised trial.  
 
Thirdly, a tool that was appropriate for the participant population with adequate 
psychometric qualities was used to measure effects of the interventions on several 
domains of worker health-related productivity. This again, was made possible through the 
use of the HPQ. Using the HPQ allowed the reporting of sickness absenteeism, sickness 
presenteeism and monetised health-related productivity loss findings separately in Chapter 
5. Moreover, these findings were differentiated for a general population of office workers 
and those with neck pain, enabling both generalisability of the findings to a wider 
population or an in-depth examination of office workers with neck pain in particular.  
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7.2.5 Chapter 6 
 
The aim of Chapter 6 was to evaluate the cost-effectiveness of the EET and EHP 
interventions, compared earlier for efficacy. This chapter extends the findings of Chapter 5 
by undertaking an economic evaluation using a cost-utility analysis, which is distinctive 
from other economic evaluations of workplace interventions that have been performed. In 
this study, most ICERs attributable to the exercise intervention were determined and found 
in favour of the EET intervention. The 12-week combined workplace ergonomics and neck-
specific exercise training intervention was found more likely to be cost-effective when 
compared with the ergonomics and health promotion information intervention. The 
hypothesis for this study as outlined in Chapter 1 that a combination workplace 
intervention of ergonomics and neck-specific exercise can be more cost-effective than a 
combination of ergonomics and health promotion information is confirmed.  
 
The evidence from Chapter 6 assures employers of office workers that it is possible to 
enhance worker health-related productivity whilst being cost-effective despite diverting 
existing financial resources to implement a combined workplace intervention of ergonomic 
management and neck-specific exercise. This information is relevant to health policy 
makers when considering policy decisions like legislation regarding or funding 
mechanisms for workplace health interventions. 
 
7.3 Strengths and limitations 
 
Each preceding chapter in this thesis has had a separate discussion of the relevant 
strengths and limitations. This section will address other overarching strengths and 
limitations directly related to the thesis that have not been previously mentioned.   
 
This thesis has several strengths. Firstly, it is based on a series of methodologically 
diverse studies that were collectively conducted using an employer’s perspective. This 
would reflect a cohesive representation of the viewpoint of an important stakeholder in the 
field of occupational health. Secondly, this thesis is supported by data from a systematic 
review and a large cluster-randomised trial – both of which are considered high quality 
forms of evidence. Thirdly, findings from this thesis can be used by employers in a wide-
range of settings where office workers are employed. This is because participant office 
workers were recruited from different industries and economic sectors, and reporting of 
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HPQ and cost results were broken down and itemised into sickness absenteeism and 
sickness presenteeism domains, and pertinent cost components, including the currency 
used and costing year. 
 
Likewise, this thesis has limitations that must be acknowledged. The cluster-randomised 
trial was intended to determine the benefits of the combined workplace interventions 
tested. Thus, the health-related productivity impact of the combined intervention 
attributable to the components of the workplace ergonomics separate to workplace neck-
specific exercise or health promotion information could not be clearly elicited. In addition, 
rates for recruitment, attendance to interventions and follow-up rates were lower than 
expected. These limitations suggest caution when interpreting the magnitude of the 
results, meaning that the results obtained may be quite contextual or be more subdued in 
actuality. 
 
7.4 Significance  
 
The 12-week combined workplace ergonomics and neck-specific exercise intervention for 
office workers was shown to be efficacious and can be cost-effective. This is highly 
sought-after information by researchers and clinicians in occupational health, and 
importantly employers of office workers. Additionally, the EET intervention evaluated is not 
unduly onerous due to the relatively short program duration and its feasibility for immediate 
implementation by employers. Thus, this combined workplace ergonomics and neck-
specific exercise intervention can be widely adopted by many employers who are looking 
to minimise the negative economic impact of health-related productivity loss amongst 
office workers in their employment. 
 
7.5 Directions for future research 
 
It is clear that more high quality studies of productivity outcomes from workplace health 
interventions and economic evaluations of these interventions are critically needed. Future 
research regarding workplace management of health-related productivity should 
incorporate important information gleaned from the studies in this thesis and build on the 
knowledge gained.  
 
There are several features that researchers should consider when designing future 
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studies. A formal investigation to verify the accurate economic value of the combined 
workplace ergonomics and neck-specific exercise intervention should be of high priority. 
There are several potential research studies that can be performed to achieve this 
objective. A comparison of a combination workplace ergonomics and neck-specific 
exercise intervention to current industry standards in various settings is one way. The 
selection of the comparator, or current practice of managing health-related productivity 
loss for office workers, should reflect the context of the study setting. For settings where 
office workers do not routinely receive support in workplace ergonomics, the comparator 
can be no added intervention or ‘usual practice’. Therefore, future studies should have a 
true control rather than an active comparator like the combined workplace ergonomics and 
health promotion information intervention tested in this trial. In this cluster-randomised trial, 
ergonomic standards were found to be high suggesting consistency with industry 
standards in Australia. Hence, the additive value of the neck-specific exercise component 
of the combined intervention in the context of this study’s setting should be evaluated in 
future studies. This can be done by comparing the neck-specific exercise to ‘usual 
practice’ of employer provided satisfactory workplace ergonomic standards mandated by 
legislation in Australia. These suggested directions for future study designs can provide 
clarity on the actual benefit from the combined workplace ergonomics and neck-specific 
exercise intervention presented in this thesis and specific impact attributable to its 
components.  
 
Secondly, future studies of combined workplace health interventions should investigate the 
contribution of individual components of the combination intervention and how these 
components relate to individual and work-related factors underpinning worker health-
related productivity levels. This will allow researchers to clearly quantify the magnitude of 
importance of each component and mechanisms by which these components affect 
worker health-related productivity. Thirdly, future high-quality trials of workplace health 
interventions will need to target other at-risk occupations, establish or use an a priori 
definition of reduced worker health-related productivity to identify individual workers most 
likely to benefit from interventions. This strategy will allay employers’ financial concerns, as 
employers may prefer to only target at-risk groups or individual workers rather than all 
workers especially if there is a limited budget. Directed intervention based on risk 
stratification is not unprecedented in occupational settings (99). A neck-specific exercise 
program for flexibility and endurance with selective enrolment of healthy office workers 
with levels of neck movement or muscle function established prior to the intervention to be 
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lower-than-normal showed success in preventing neck pain (226).  
 
Enhancement of worker health-related productivity will undoubtedly have positive effects 
on overall productivity of an organisation. Hence, it will be worthwhile and straightforward 
for researchers of future studies to obtain and openly utilise demonstrable employer 
support of workplace health interventions to facilitate higher rates of recruitment, 
attendance and participant follow-up. Unfortunately, lower-than-expected rates of 
recruitment, attendance and participant follow-up of similar studies are not uncommon 
(42). It would not be unreasonable to speculate that employers’ explicit support of 
workplace health interventions will boost numbers of uptake, attendance and re-
assessments of interventional effects, as it is known that employer support is related to 
health management efforts of employees (227). The prospects of achieving theorised 
worker productivity outcomes will be elevated in studies of workplace health interventions, 
if adequate levels of participation, attendance and follow-ups are attained. Importantly, 
higher rates of recruitment, attendance and follow-up will enhance generalisability, 
minimise bias and ensure precision of findings from such studies for greater impact. 
 
This thesis was restricted to the employer’s perspective. Understanding the impact of 
workplace health interventions from other perspectives is pertinent to clarify the actual 
impact of such interventions. A more thorough societal perspective would require 
substantially more data to be collected and was beyond the scope of this thesis. However, 
evaluating the economic impact of workplace health interventions using a societal 
perspective will be fundamental if future societal decisions concerning workplace health 
interventions need to be made.  
 
7.6 Final conclusions 
 
This thesis enriched the understanding of worker health-related productivity management, 
which is an area with limited high-quality evidence. This thesis used an employer’s 
perspective, answering the main research question that a 12-week combined workplace 
ergonomics and neck-specific exercise intervention for office workers can benefit health-
related productivity and may be a cost-effective workplace health intervention. This thesis 
can act as a decision support tool for employers when allocating organisational resources 
to fund workplace health interventions and selecting the specific type of interventions.  
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Appendix 2  The Department of Education, Training and Employment of 
Queensland site-specific approval for the cluster-randomised 
trial.  
 
 
Queensland 
Government 
Department of  
Education, Training  
and Employment 
 
 
27 March 2014 
Ms Michelle Pereira 
School of Health and Rehabilitation Sciences The University of Queensland 
ST LUCIA  OLD 4072 
 
Dear Ms Pereira 
Thank you for your application seeking approval to conduct research titled A workplace- 
based exercise intervention to prevent and reduce the economic and personal burden of 
neck pain in office personnel in Queensland Department of Education, Training and 
Employment (DETE) sites. I wish to advise that your application to invite research 
participants to be involved in your study has been approved. This letter gives you approval 
to approach potential research participants only. 
You may approach line managers of the branches nominated in your application and invite 
them to participate in your research project. As detailed in the Department's research 
guidelines the following applies to the study: 
You need to obtain consent from the relevant line managers before your research project 
can commence. 
Line managers have the right to decline participation if they consider that the research will 
cause undue disruption to departmental staff. 
Line managers have the right to monitor any research activities conducted in their facilities 
and can withdraw their support at any time. 
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This approval has been granted on the basis of the information you have provided in your 
research proposal and is subject to the conditions detailed below. 
Perusal of and adherence to the Department's standard Terms and Conditions of 
Approval to Conduct Research in Departmental sites is required as outlined in the 
document at: http://education.qld.gov.au/corporate/researc/hterms  conditions.pdf 
Any changes required by your institution's ethics committee must be submitted to the 
Department of Education, Training and Employment for consideration before you proceed. 
Any variations to the research proposal as originally submitted, including changes to data 
collection, additional research undertaken with the data, or publication based on the data 
beyond what is normally associated with academic studies, should be submitted to the 
research officer via email. Significant variations will require the submission of a new 
application. 
Papers and articles intended for publication that are based on data collected from 
Queensland state schools and/or Departmental sites should be provided to the 
Department for comment before release. 
Under no circumstances should any publications disclose the names of individuals , work 
units or schools. 
You are required to contact the Department if you are contacted by the media about 
research activities conducted on Departmental sites or if you intend to issue a media 
release about the study. 
At the conclusion of your study you are required to provide this Office with a summary of 
your research results and any associated published papers or materials in hard copy. You 
are also requested to submit the documents in electronic format, or provide a link to an 
online location if possible, to research.stratpol@dete.qld.gov.au. Failure to provide a 
report on your research will preclude you from undertaking any future research in 
the Department or within Queensland State schools. 
 
Please note that this letter constitutes approval to invite line managers and employees to 
participate in the research project as outlined in your research application . This approval 
does not constitute ethics approval or support for the general and commercial use of an 
intervention or curriculum program, software program or other enterprise that you may be 
evaluating as part of your research. 
Research Services values your input into the research application process and is seeking 
your responses through the enclosed short feedback form. It is hoped that this feedback 
will enable Research Services to effectively assess whether its processes are efficiently 
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streamlined, transparent and mutually beneficial to all stakeholders. 
Should you require further information on the research application process, please feel 
free to contact Chris Little, Senior Research Officer, Strategic Policy and Portfolio 
Relations on (07) 3034 5931. Please quote the file number 550/27/1411 in future 
correspondence. 
I wish your study every success. 
 
Yours sincerely,  
 
Dr John Dungan  
Director  
Research Services 
Strategic Policy and Portfolio Relations 
Trim ref: 14/103587 
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Appendix 3   Participant information sheet for the cluster-randomised trial.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PARTICIPANT INFORMATION SHEET 
The health and economic benefits of a workplace-based combined intervention for office personnel  
Why is this research being conducted? 
Office work often requires you to sit for long periods and 
there are concerns this is bad for you, both in terms of 
your health and your work performance. This study will 
compare two different interventions to determine their 
impact for you and your employer.  
What does participation involve? 
All research activities will be conducted during work 
time. Your employer has agreed to release you to attend 
sessions.  
All participants receive a workstation assessment PLUS 
either health promotion sessions OR exercise training. 
The study runs for 12 months, with 12 weeks of 
intensive participation and follow-up activities for the 
remaining 9 months. If you participate, you will be asked 
to commit to: 
• accepting random allocation to either health promotion 
or exercise training sessions 
• attending as many sessions as possible 
• providing information on your health, lifestyle and 
working conditions immediately before, immediately 
after and at regular intervals during the 12 month 
period 
• keeping the research team informed of your progress. 
Workstation Assessments (ALL 
participants) 
All participants will have their workstation assessed by 
an experienced health professional. The assessment 
may result in changes being made (e.g. headphones) to 
ensure your workstation meets current Australian 
standards and best practice. This will take no more than 
1 hour. 
You will receive an individual report summarising the 
outcomes of your assessment. 
Health Promotion sessions (SOME 
participants) 
If you are randomly allocated to the health promotion 
arm of the research, you will be invited to attend weekly 
health promotion sessions at a specific time for 12 
weeks. These hour-long sessions will cover topics like 
healthy eating, stress management, relaxation, weight 
loss and safe drug and alcohol use. 
  
Exercise Training (SOME participants) 
If you are randomly allocated to the exercise training arm of 
the research, you will take part in an exercise training 
program. Participants in the exercise training progress 
through 12 weeks of specially-designed exercises for office 
workers. This is not a general fitness program. 
This program will be developed and supervised by a 
trained health professional and will be tailored to suit your 
capabilities.  
The exercises will be performed at set times and in small 
groups in your workplace for 20 minutes 3 times a week for 
12 weeks. Details on dates and times will be made 
available in late June 2015 to enable you to schedule your 
participation in advance. 
What information is collected?  
All participants in this research will be asked to provide 
information to the research team at regular intervals.  
We will collect information on your muscle strength* and 
endurance, physical activity levels, health and work 
environment, as well as information such as age, gender 
and the amount of time you spend working with computers: 
• before sessions start 
• immediately after sessions are completed 
• 12 months after sessions start 
You will also be asked to provide brief information monthly 
on your progress for up to 12 months after you start. 
Any information we collect that can identify you will remain 
strictly confidential and will only be used for the purpose of 
this research project. We will not release any information 
collected to a third party, including your employer.   
It is expected that results of this research will be published 
in a peer-reviewed journal. Your name and other identifying 
information will not be used. Individual feedback on the 
results will be provided on request at the end of the 
research project. Should employers request feedback 
about the results of participating staff, only generic results 
will be provided and not individual results. 
* the muscle strength measures will be collected in person 
by a registered health professional using specialised 
equipment. They are not painful, are standard practice prior 
to starting a new exercise program and will take about 30 
minutes to collect. 
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What are the possible risks and benefits of 
the study? 
All participants will benefit from having their workstation 
assessed by a qualified registered health professional. This 
may make your desk a more comfortable place to work.  
Exercise participants, as with any new exercise, may 
experience some muscle discomfort. This discomfort should 
only be temporary and a health professional is available 
should there be any concerns.  
Muscle strength tests have the potential risk of muscle 
strain. There is minimal likelihood of injury as all exercises 
are performed following a warm up and closely supervised 
by a health professional.  
Due to the muscle testing procedures you may experience 
aggravation of your symptoms following the testing 
procedures however these should be short lived. 
The potential benefits of the health promotion and exercise 
training programs are more likely to be achieved if 
participants are committed and attend as many sessions as 
possible. Participants with high attendance will be given 
additional resources to help them make healthier lifestyle 
changes on completion of either 12 week intervention. 
Is participation compulsory? 
Participation in the research project is voluntary. If you 
decide to take part and later change your mind, you are free 
to withdraw from the project at any time by advising the 
researchers. If you would like to participate but are 
concerned about the impact of time away from your duties, it 
is important to know that your employer has endorsed this 
research. Your decision to participate, or not participate, will 
have no consequences with regard to your employment.  
  
 
Is this research project approved? 
This study has been cleared by one of the human ethics 
committees of The University of Queensland in accordance 
with the National Health and Medical Research 
Council's  guidelines.  You are free to discuss your 
participation in this study with the project staff (details 
below). However, if you would like to discuss the study with 
someone not directly involved, in particular policies, 
information about the conduct of the study or your rights as 
a participant, or should you wish to make an independent 
complaint, you can contact the Ethics Officer on 3365 3924 
or humanethics@research.uq.edu.au.   
How do I take part? 
If you would like to take part in this research, please register 
your interest and answer a few short questions by going to 
https://qasiasingleuser.asia.qualtrics.com/SE/?SID=SV_4TSni0FmMfH
XIb3   
These questions are designed to make sure you fit the 
criteria for the study and to ensure your participation is safe. 
If you are eligible, we will ask for your contact details to 
enable us to coordinate your participation. Be assured, the 
information we collect is strictly confidential and will only be 
used for the purpose of this project. 
To participate, please register your interest by 17 June 
2015. 
If you are not eligible for this study, you may be offered the 
opportunity to participate for other projects currently under-
way by our research team. 
Members of the research team will be on site in early June 
to answer your questions and provide information on the 
research. Alternatively, you can email any questions to 
uq.workplace.study@uq.edu.au.  
The research team would like to thank you for considering 
participating in this study. 
  
 
PARTICIPANT INFORMATION SHEET 
The health and economic benefits of a workplace-based combined intervention for office 
personnel  
page 2 
Introducing the research team 
Dr Venerina Johnston, The University of Queensland  
Professor Leon Straker, Curtin University 
Dr Tracy Comans, Griffith University 
Professor Gisela Sjøgaard, University of Southern Denmark 
Dr Shaun O’Leary, The University of Queensland 
Professor Markus Melloh, Zurich University of Applied Sciences  
Further information:    for further 
information about this study, please 
contact the project coordinator, 
Alyssa Welch on 
uq.workplace.study@uq.edu.au  
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Appendix 4   Participant consent form for the cluster-randomised trial.  
 
Project Title: The health and economic benefits of a workplace-based exercise 
intervention for office personnel 
 
Investigators: Dr Venerina Johnston, Division of Physiotherapy, The University of 
Queensland 
Professor Leon Straker, Curtin University 
Dr Tracy Comans, Griffith University 
Professor Gisela Sjogaard, University of Southern Denmark 
Dr Shaun O’Leary, The University of Queensland  
Professor Markus Melloh, University of Western Australia 
 
I,                                                                               (PLEASE PRINT) hereby consent to 
take part in the research project titled: “The health and economic benefits of a workplace-
based exercise intervention for office personnel”  
I have read and understood the Information sheet. I have received a copy which I can 
keep. The project, so far as it affects me, has been explained to my satisfaction. I freely 
consent to my participation in the project. 
I understand that I will be randomly allocated to either an ergonomic assessment plus 
exercise training OR an ergonomic assessment plus health promotion.  
The procedures have been explained to me, including an indication of any discomfort or 
possible risks which may be expected.  
I understand that  the anticipated length of time of no more than 1 hour for the ergonomic 
intervention PLUS 1 hour of exercise or 1 hour of health promotion per week for 12 weeks. 
I understand that information will be collected at various time points before and after the 
12 week intervention. 
My involvement in this research may benefit the way I work but if participating in the 
exercise intervention, I may experience short term muscle soreness. 
I am aware that there is an incentive program offered for high attendance during 
intervention sessions.  
I understand that I am free to withdraw from the project at any stage without providing a 
reason for doing so. 
I understand that my name will be released to my supervisor for scheduling of work 
rosters.  
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The information obtained in this research will be treated confidentially and no personal 
information or results will be published in a way that will identify me or my employer. 
I understand that if I am ineligible for this study, I may be invited to participate in other 
research projects currently underway by the research team. 
 I agree to be informed of future research studies being conducted at the research team 
from The University of Queensland. 
Signed: _____________________Name: _____________________Date:___________ 
                      (Participant) 
Signed: _____________________Name: _____________________ Date:____________  
           (Investigator)                                                                                                                                           
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Appendix 5  Baseline participant composite questionnaire used in the cluster-
randomised trial.  
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Appendix 6   Ethics amendment approval for the inter-rater reliability study.  
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Appendix 7   Participant information sheet for inter-rater reliability study. 
 
TITLE: Ergonomic standards among Australian office workers: The reliability of a 
clinician rated checklist 
 
LAY TITLE: What are current ergonomic standards of Australian office workers and 
do health professionals use a reliable checklist?  
 
INVESTIGATORS:  
 
Ms Michelle Pereira, The University of Queensland 
Professor Leon Straker, Curtin University 
Dr Tracy Comans, Griffith University 
Dr Venerina Johnston, The University of University 
 
Purpose of the Research: Poor office ergonomics has been linked to musculoskeletal 
discomfort in office workers. Current legislation requires employers of Australian workers 
to provide a safe work environment. There are ergonomic guidelines provided by 
government bodies to assist employers fulfill their legislative obligation. However, current 
ergonomic standards among Australian office environments are unknown. Hence, the aim 
of this research is to explore the current status of ergonomic standards in Australian office 
environments. This study involves researchers from The University of Queensland as well 
as several organisations that employ office workers.  
 
What does my participation in the study involve?  
 
All activities associated with this project will be conducted during work time and your 
employer has agreed to release you to attend an assessment session. Two experienced 
health professionals will assess your workstation independently. The assessment may 
result in changes being made to your workstation (e.g. computer screen setup 
adjustments) to ensure your workplace meets current Australian standards and best 
practice. This will take no more than 1 hour per assessment. 
  
All participants will benefit from having their workstation assessed by qualified registered 
health professionals. This may make your workstation a more comfortable place to work. 
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There is no financial reimbursement for participation, however any equipment modification 
or prescription deemed necessary according to best practice evidence based guidelines 
will be provided.  
 
Any information we collect that can identify you will remain strictly confidential and will only 
be used for the purpose of this research project. We will not release any information 
collected about you to a third party, including your employer. If data from this study is 
published in journals or books, your name and other identifying information will not be 
used. Your privacy during participation in the study will be maintained at all times. You 
have the opportunity to withdraw from the study at any time without giving a reason.  
If you choose to participate in this study the following measures will be conducted: 
You will be required to answer questions about you as an individual, regarding the nature 
of work tasks and physical factors at your workplace, and about your workplace 
environment. Your work patterns at your workstation and the equipment used in your 
workstation will be assessed against a best practice evidence based checklist developed 
by leading experts in the field of office ergonomics.  
 
The data will be collected by the investigator and kept in a secure university owned 
network drive. Any personal information, medical history, or test results obtained from this 
experiment will be treated with the upmost confidentiality. Any publications resulting from 
this experiment will reveal the information in a manner that does not identify you.  
This study adheres to the Guidelines of the ethical review process of The University of 
Queensland and the National Statement on Ethical Conduct in Human Research. Whilst 
you are free to discuss your participation in this study with project staff (Ms Michelle 
Pereira on 0468317378), if you would like to speak to an officer of the University not 
involved in the study, you may contact the Ethics Coordinator on 3365 3924. 
Thank you for your interest in this research project. 
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Appendix 8   Participant consent form for the inter-rater reliability study. 
 
Project Title: Ergonomic standards among Australian office workers: The 
reliability of a clinician rated checklist 
 
Investigators:   Ms Michelle Pereira, The University of Queensland 
Professor Leon Straker, Curtin University 
Dr Tracy Comans, Griffith University 
Dr Venerina Johnston, The University of Queensland 
 
I,                                                                               (PLEASE PRINT) hereby consent to 
take part in the research project titled: “Ergonomic standards among Australian office 
workers: The reliability of a clinician rated checklist”  
I have read and understood the Information sheet. I have received a copy, which I can 
keep. The project, so far as it affects me, has been explained to my satisfaction. I freely 
consent to my participation in the project. 
The procedures have been explained to me, including an indication of any discomfort or 
possible risks which may be expected.  
I understand that 2 researchers will independently assess my workstation.  
I understand that the anticipated length of time of each assessment is no more than 1 
hour; 
My involvement in this research may or may not benefit the way I work.  
I understand that I am free to withdraw from the project at any stage without providing a 
reason for doing so. 
I understand that my name will be released to my supervisor for scheduling of work 
rosters.  
The information obtained in this research will be treated confidentially and no personal 
information or results will be published in a way that will identify me or my employer. 
 I agree to be informed of future research studies being conducted at The University 
of Queensland. 
Signed: _____________________Name _____________________Date:___________ 
                      (Participant) 
Signed: ____________________ Name: _____________________ Date:____________  
           (Investigator)             
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Appendix 9  Observation-based ergonomics checklist for office workers used 
in the cluster-randomised trial.  
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Appendix 10 Comparison of checklist used in cluster-randomised trial with 
government recommendations available to employers of office 
workers. 
 
Combined statements Study checklist Government guidelines 
Chair 
Office worker is familiar with available 
adjustments on chair 
✓ ✓ 
Chair is in working order and allows 3 postural 
(neutral, forward and reclined) options 
✓ Does not require 3 postural 
options 
Angle between worker’s hips and trunk 
approximately slightly more than a right angle 
Not required ✓ 
5-star casters on base ✓ Not stipulated, but mentioned in 
explanatory material 
Curved seat pain fabric in good condition ✓ Not stipulated, but mentioned in 
explanatory material 
Seat width and length, suitably support of 
worker’s stature 
✓ ✓ 
Chair height suitable allowing office worker’s 
feet to rest on ground or footrest with knees 
roughly level with hips 
✓ ✓ 
Arm rests if present, should not restrict access 
to desk.  
✓ ✓ 
Back rest supportive of low back fitting low 
back curve 
✓ ✓ 
Adjustable back rest ✓ Not stipulated, but mentioned in 
explanatory material 
Desk 
Smooth, single height, flat desk ✓ ✓ 
Sufficiently large desk for job and workstation 
equipment requirements 
✓ ✓ 
Desk sufficiently deep for optimal computer 
screen viewing distance 
✓ Not required 
Desk corners and under the desk space 
rounded, smooth and free of sharp edges 
✓ Not required 
Sufficient legroom under desk without 
restriction from desk mechanisms or storage 
drawers 
✓ ✓ 
Desk height adjustable to suitable height for ✓ ✓ 
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office worker 
Proper storage of items under desk ✓ ✓  
Frequently used items are within comfortable 
reach 
✓ ✓ 
Large or heavy items stored within close 
reach, or below shoulder height 
✓ Not required 
Monitor 
Monitor in front of worker and to perpendicular 
to sight, and comfortable distance (arm’s 
length) away 
✓ ✓ 
Top of screen level with eye height ✓ ✓ 
Clear view of items displayed on screen with 
optimal size / brightness / contrast / colour / 
quality and free from glare, shadows or 
reflections.  
✓ ✓ 
When using multiple screens, wrap-around 
format recommended with main screen in 
front.  
✓ Not required 
When referring to documents for long periods 
using document holders, these should be 
positioned between the monitor and the 
keyboard or adjacent to and at the same 
height as the screen  
✓ ✓ 
When using a laptop: 
External keyboard, external mouse and 
docking station should be utilised 
simultaneously  
Laptop should be elevated such that the top of 
the screen is approximately eye height or a full 
size monitor used 
✓ ✓ 
Telephone 
A headset is provided if worker is required to 
perform prolonged, frequent or write 
simultaneously during phone calls.  
✓ ✓ 
Telephone positioned within comfortable 
reaching distance 
✓ Not required 
Workstation free of interference noise ✓ Not required 
Keyboard 
No wrist supports preferred ✓ Not required 
Reasonable feel of keyboard keys ✓ Not required 
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No numerical pad preferred if job scope does 
not require large amounts of numerical 
imputation 
✓ Not required 
Keyboard adjusted to be flat (no incline) ✓ Not required 
Keyboard position facilitates a comfortable 
typing position allowing space to rest forearms 
on the desk  
✓ Does not specifically require 
forearm support, allowing for 
“floating” typing styles.  
Mouse 
Mouse position allows worker’s arm to be 
close and neutrally positioned 
✓ ✓ 
Mouse is functioning optimally and is of a 
comfortable size for worker’s hand  
✓ ✓ 
Mouse positioned at the same level as the 
keyboard 
✓ Not required 
Environment 
Adequate amount and quality of light for work 
tasks 
✓ ✓ 
No excessive levels of noise exposure or lack 
of privacy 
✓ Not required 
Comfortable thermal environment ✓ Not required 
Good air quality ✓ Not required 
Floor surfaces kept clear of trip hazards ✓ Not required 
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Appendix 11 Titles of talks delivered in health promotion education intervention.  
 
Making changes towards success 
Food guide workshop 
Practical eating part 1 
Practical eating part 2 
Alcohol – how does it affect your health? 
Tobacco & other drugs 
Self-esteem, stress & relaxation 
Conflict management & resilience 
Attitudes to health & elements of success 
Common mental health issues & their impact on a healthy lifestyle 
Maintaining a healthy lifestyle with ageing 
Keeping the ball rolling  
